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© Compound objective .en. having two foca, point, an- apparatus using the .ens. 

© A compound objective .ens 

® without any diffraction to form a be«jd ' „ SjSve lens for converging the transmrtted 

light to torn* a beam of nrst-orderdrffrarted Wand an^ oi q«» information medium and 

ItaM to form a first converging spot on •J^"£?£^\S orfa front surface of a thick type of 
converging the diffracted light to form a cwvergmg spo as a concave lens for the 

SconS 9 information medium. Because J«W t '«J?iwMh ^ of the diffracted 'fcht ^eref ore. 
diffracted light, a curvature of the .^^J^^^vTdifferent thicknesses, the trarerrntted light 
even though the fust and second '^^"J^^rn te converged on the its front surface, and the 
fnddent on a rear surface of the •» converged on the Its front 
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The present invention relates to a compound ob- 
jective lens composed of an objective lens and a ho- 
E5£L «•"* has two focal points, an imag Ing 
optical system for converging light on ^converging 
s^Zedatdifferentdepiteofanr^ri^tonm*. 

dfcm with the compound objective lens, an opt*,, 
head apparatusfor recording, reproducing or erasing 
Smatton on or from an information med um such 
•Tan optical medium or a magneto-optical medium 

optical system, en optical disk in which a aerie, .of 
htah density recording pits and a senesofjcompara- 
Ky iow density recording pits are proved an opt- 
cal disk apparatus for recording or reproduang infor- 
SlTonwfnm the optical disk with the compound 
oSSve lens, a binary focus microscope havtogtwo 
?ocal points in which two types of images drawn at 
differertdepthsaresimultaneouslyobse^edandan 

alignment apparatus for aligning two types of ^Images 
drawn at different depths with the binaryfocus m.crc- 
scope. 

2. DESCRIPTION OF THE RELATED ART: 



posed. 



2.1. PREVIOUSLY PROPOSED ART: 



An optical memory technique has beer, put to 
pracUcal use to manufacture an optical disk In wh.ch 
HSSin formed of a series of pits is drawn tc , re- 

density and large capacity of information medium 
For exampte. the optica, disk is ut.lfced for a djtta. 
audio disk, a video disk, a document file 
data file disk. To record information on the optica 
dSandtoreproduce the information from the optica) 
dtek, a light beam radiated from a light source Taj rtn- 
utely converged In an imaging "^J"**! 
£nt beam minutely converged is rad.ated to the opt- 
S disk through the imaging optical system. There- 
ore me light oearn is required to be reliebly control- 
£Th, thefmeging optica, system with high aocoracy. 

The imaging optical system is ublrzed for an opt- 
ical head apparatus in which a detecting system is ad- 
dUmlly provided to detect the intensity of the Ugh 
beLm reflected from the optical disk. Fundamen^ 
functions of the optica, head apparatus are classihed 
nto a converging performance for -"'"utelyconve^ 
ing a light beam to form a diff raction-l.m ted m»ro- 
s £>t of the light beam radiated on the opt.cal . 
focus control in a focus servo system a trackmg con- 
tain a tracking serve system, and the deted M of 
art signals (or information signals) obtained by radiat- 
Kg^a light beam on a pit pattern of the opt U*l h** 
The fundamental function of the optical head appa- 
ratus is determined by the 

Sterns and a photoelectric transfer detecting proc- 
toCrpose and a use. Specifically^ 

etement (or hologram) is utilized to min.rn.ze and ton 
thVoptical head apparatus has been recently prc- 



Fig 1 is a constitutional view of a conventual 
ooti cal head apparatus proposed in Japanese Patent 
ApptaSn No 46630 of 1991 which is applied by in- 

ventors of the present invention. 

™% shown in Fig. 1. a corwenttonal ophca .head 
,„ aooaratus 11 for recording or reproducing .nformatwn 
10 on^an.r^mat to nn^.um12^^ 
ical disk is provided with a light beam source 13such 
semtoonductor laser, a transmisa ton type of 
blazed hologram 14 for transmitting a light beam L1 
)5 S£ Trom the light beam source ,12 wKhoutany 
diffraction in an outgoing optical path and diflrart ..ng 
a igM beam L2 reflected on the Informal.™ med.um 
12?n a returning optical path, an objective lens 15 for 
converging the lightbeam L1 •^•jf* 
,„ holooram 13 on the information medium 14 to read 
20 ffESon. an actuator 16 for M^L^S 
the objective lens 15 with the blazed hologram 13 to 
foLs helightbeamU on the information med.um 12 
S! the elective lens 1 5. 
25 detecting the intensity of the light bean L2 reflected 
on the information medium 1 2 to reproduce the .nfor- 

As shown in Fig. 2A. a relative posttion between 
OT e blazed hologram 14 and the objective lens 1 te 
30 fixed by a fixing means 18. Or. as shown ,n FjgJB 
a blazed pattern is formed on a side of the ob jecttve 
Tens^S to integrally form the blazed hologram 14 w.th 

3S k J serbeam) ra dia te dfremthe.ightbeems^ree 13« 
radiated to the blazed hologram 14. and the hgm 
mainly transmits through the b.a~ HJj 
gram 14 without any diffraction in an outgo.ng opt** 
path. The light beam L1 transmitti^o^e 
40 blazed hoiogram 14 Is called zero-order directed 
Hgm. Thereafter, the zero-order diffracted light LI « 
converged on the information r^ll?.?^ 
iective lens 15. in the information medrum 12. nfor 
^Heated by a series * 
4S corded and read by the zero-order ^"^^-^ 
Thereafter a beam light L2 having the informatran b 
^cred Urd the objective lens 15 in a re.urn.ng 
op teal path and is incidenttothe Mazed hologram 14. 
? I the blazed hologram 14. the light L2 is mainly d f- 

fracted light Thereafter, the first-order diffracted 
light L2 is received in the photo detector 17. 

in the photo detector 17. the intensity d.stnbut«>n 
of*hefS-orderdiffractedlightL2 is detected. There- 
« fore a servo signal for adjusting the position of toe 
^Jfh^ans 15 by the action of the actuator 16 is 

ed light L2 is detected in the photo detector 17. Be- 
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cause the information medium 12 is |0 B W^ 
speed, the patterned pits radiated by the hghtlT are 
changed so that the intensity of the first-order dif- 
L2 detected is changed. Therefore^ 
formation signal indicating the information recorded 
XXrmat^^ 

the^nange in intensity of the f irst-order diffracted 

li9hl ,Mhe above operation, a part of the Ifcht beam 
L1 is necessarily diffracted in the blazed hologram 14 
when the light beam L1 is radiated to the blazed ho- 
SramUin the outgoing optical path, Th^.un- 
nlcessary diffracted light such asf irst-order drffract- 
edTght and minus first-order diffracted "9" 
sJZ occurs. In cases where the hologram 14 .s not 
Sed the unnecessary diffracted light in the o^ 
ing optical path also reads the information recorded 
^information medium 12. and ^ u = sary 
light is undesirably received in the photo detector 1£ 
To prevent the unnecessary light f nrnttrw^ o 
he information medium 12. the blazed hologran 14 
smanufacturedtoformablazed hologram pattern on 
he^rfacathereof.somattheintensityoftheunnec- 
essary light received in the photo detector 17 is de- 

"^Ateo, because an objective lens of a conventional 
microscope has only a focal point, images placed 
within a focal depth of the objective lens can be only 
observed with the conventional microscope. 

Also, a minute circuit is formed on a semiconduc- 
tor such as a group lll-V comt^nd semtonductor to 
form a microwave circuit, an opto-electromc detector 
"a^id state laser. In this case, a P^c-sens^e 
material is coated on a sample made of the semicon- 
ductor. Thereafter, a relative position between the 
sample and a photo mask covering the sample • ad- 
lusted by utilizing an alignment apparatus, and the 
photo-sensitive material Is exposed by e beam of ex- 
posure light through the photo mask to transfer a cir- 
cuit pattern drawn on the photo mask to the photo- 
sensitive material in an exposure process by ut.liz.ng 
an exposure apparatus. For example, an alignment 
pattern?* drawn on a reverse side of the sample and 
a relative position between the sample and he photo 
mask is adjusted with high accuracy while simultane- 
ously observing the alignment pattern of the sample 
and the circuit pattern of the photo mask wrth , the con- 
ventional microscope. Thereafter, the crrou l pattern 
of the photo mask is transferred to a front side of the 

^rTthis case, because images placed within a fo- 
cal depth of an objective lens utilized in the conven- 
tional microscope can be only observed with the con- 
'J^mJU* itls requfred 
venttonal microscope having a deep "J* 
alignment apparatus in cases where the 
pattern and the circuit pattern are simultaneously oh- 
served with the conventional microscope. Therefore. 



the magnification of the conventional microscope 
having a deep focal depth is lowered. 

22. PROBLEMS TO BE SOLVED BY THE 
5 INVENTION: 

An optical disk having a high density memory ca- 
pacity has been recently devetoped because of the 
i mprovSent in a design technique of an optic* sys- 
,o em and the shortening of the wavelength <*^™ 

atod from a semiconductor laser. For example, a nu- 
merical aperture at an optical disk side of an imaging 
optical system in which a light beam converged on an 
optical disk is minutely narrowed in diamete. n ; en- 
„ laVged to obtain the optical disk hav,ng a high densrty 
memory capacity. In this case, the degree of aberra- 
TnTcLrring in the imaging optica, system ,s in- 
creased because an optical axis of the system MtHte 
from a normal line of the optica, disk. As the numeri- 
20 cal aperture is increased, the degree °ftheaberra 
tion is enlarged. To preventthe mcreaae of the numer 
calaperture.it is effective to thin the th^neasofthe 
opt.caTdisk. The thickness of the <*^£«£ 
a distance from a surface of the optical disk (or an in- 
zs formation medium) radiated by a light beam to an in- 
formation recording plane on wtiich a senes of pat- 

terned pits are formed. 

Fta 3 shows a relationship between the thick- 
ness of'the optical diskand the numarl^ aperture on 
30 condition thatthe tilt of the optical axis is constant 
As shown in Fig. 3. because the numerical aper- 
ture is 0.5 when the thickness of the optical dskisl 2 
^jt is effective to thin the optica, disk toaen^n 

thickness when the numerical aperture 
35 to 0.6. In this case, even though the numerical aper 
ture is increased on condition that the tilt oftoe opt- 
ical axis is not changed, the degree of the aberrate 
is not increased. Therefore, it is Purred that the 
thickness of the optical disk be thinned to obtain toe 

40 optical disk having a high density memorycaP^ 
Accordingly, life expected thatthe th.ckness of a 

prospective optical disk having a high density mem- 
ory capacity becomes thinner than that of a present 
optical disk such as a compact disk appearing on the 
45 market now. For example, the thickness of the com- 
pact disk is about 1.2 mm. and the thickness* the 
prospective optical disk is expected to range from 0^ 
mm to 0.8 mm. In this case, it is requ,red to record or 
^produce information on or from an optical disk with 
w anopticalheadsystemregardlessofwhethertheopt- 

ica. disk is the present optical disk or the prospective 
optical disk having a high density memory capacity 
That is. an optical head apparatus having an imaging 
optical system in which a light beam is^nve^d on 
55 an optical disk within the diffraction limit regardless 
55 o?whetherthe optica, disk is thick or thin is require* 
However, in a conventional optical head appara- 
tus, a piece of information is only recorded or repro- 
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SdT^W there is a drawback that an optical head ap- 
SJKSSy cannot be manufactured in a oon- 

Son are in a trade-off relationship Thwtom. 
ttere is a drawback that it is impossible to obser^ 
images over a wide observed range m the optica, 
axis diiection at high magnification 

Also there is a problem in the alignimnt appara 

„? n, tern of the sample with the conventional iw- 
Tsc^ e "vS a deep foca. depth and a low mag- 
croscuye » . e the conventional mi- 

it is impossible to the JJJ--* 
the sample at a high accuracy ranging wrthm 5 um. 



Ql IMMARY OF THE INVENTION 

A first object of the present invention is to pro- 

, e^entSnai objective .ens having a focal, point, a 
rnmoound objective lens having two focal po.nts. 

Object of thepresent invention is to pro- 
vide anting optical system having tr« compound 

compound objective lens is converged at a d.ff ^on 
2* on two converging spots placed at different 

ano^.he^ 

Lotion mediumat^^n^by 
the action of the imaging optical system. 

AWh object of the present invention * to pro- 



vide ahigh density optical disk in which a series of 

.nation at high density on a thin substrate. 

^ Mif th obict of th e present invent ion is to provide 

compound objective lens having two focal points, 

^Xrem means for transmitting a part of in- 
30 cident SShoTt any diffraction to form a beam of 
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verging spot positioned at a second focal point 
TKase. because a propagati on dnmn. rf 
thetransmfttedlightdiffersf^thatomediH^ 
light the first focal point of the compound objective 
5E for the transmitted light differs from the second 
focal point of the compound objective tens for the de- 
tracted light. Therefore, the compound objects lens 
nTSoTocal points, and the incident light transmit- 
through tne compound objective lens are con- 
verged on two converging points. 

Accordingly, the incident light transmU.ng 
throve expound objects lens can be rehaWy 
converged on an information medium regardless 
Ser the information medium has a first thickness 
or a second thickness. _ „„ !n 

It is preferred that a grating pattern be draw in 
the hologram means in a concentric circte shape, the 
orating pattern of the hologram means be formed* 
S* ^concentrically form alternating , rows of b* 
torn portions and top portions, a he.ght H of relief in 
Siting pattern be set to H < WW] > ' • 
s^o. X denotes a wavelength of the ^"tligm 
and a symbol n(X) denotes a refractive index of the 
hofdrarmeans made of a glass materia, fo. Jh. £ 
cideligWhavingmewaveteng^ 
in phase modulation degree between the incident 
fcht transmitting through a bottom portion of the 
qrating pattern and the incident light transmitting 
?hraugh a top portion of the grating pattern be lower 
thTL radians to set a diff ractior , eff idency of the 
hologram means to a value lower than 100 A. 

in the above configuration, because the he.gh of 
the relief in the grating pattern is lower tta m ji . vah*. 
W(n(X)-1). the difference in phase modulation degree 
to induced to be lower than 2n radians. Therefore^ 
diffraction efficiency of the hologram means « set to 
a value lower than 100 % over the entin i grating pat- 
tern so that the transmitted light end the d.ffracted 
light are simultaneously formed in the hologram lens 
The f .rst object is also achieved by the provision 
of a compound objective lens, compns.ng: 

tens means for converging a beam of first inci- 
dent light on a front surface of a first information me- 
dium naving a first thickness T1 and converging a 
beam of second incident light on a front surface of a 
second information medium having a second thick- 
nest T2 (T2<T1). the first incident light passing 
through the first information medium from its rear 
£2.. and the second incident light passing 
through the second information medium from its rear 

cujrface: and . ... 

aperture limiting means for selectively l.mrt.ng 
an aperture of the lens means for the seoon ^ 
light which is incident on thelens means ^secondnu. 
ntehcal aperture of the lens means for the second in- 
cident light «*ich is incident on the lens >T« 
lower than a first numerical aperture of the lens 
means for the first incident light which is incident on 



the lens means. . 

In the above configuration, an aperture of the 
tens means for the second incident light « limited by 
he aperture limiting means, and another aper tura of 
s the lens means for the first incident light ,s limited 
Thereafter, the first incident light is converged by the 
tonsmeansonthefirstinforma^ 
numerical aperture, and the second incident IrghUs 
converged by the lens means on the second mforma- 
(0 trm^ium y ata.ow numerical aperture^Acc^ing- 
y . the compound objective lens has two focal po n s. 
Also, theintensityofthefirst.ncidentl.ght can belarg- 

er than that of the second incident light 

The first object is also achieved by the provision 
, 5 of a compound objective lens, comprising: 

lens means for converging abeamoff. stinci- 
dentligM* afrant surface of afirst information me- 
dium having a first thteknessand converging a beam 
tfrlecond incidentHghton a front surface cja second 
20 informatton medum having a ^ 'hkfcne^the 
first incident light passing through the 1 *«"*™* 
tion medium from its rear surface, and the second n 
cident light passing through the second .nformahon 
medium from its rear surface; and .„„„„,. 
25 curvature changing means for chang.ng a cur- 

vature of spherical waves of a part of incident light to 
form the first incident light which is .nadent onthe 
lensmeansand not changing a curvature of spherical 
w^vesofaremalnlng part of Incident light to ormthe 
30 s^ond incident light which is incident on the lens 

™Tihe above conf iguration, a curvature of . sphe- 
rical waves of a part of incident light is changed by the 
curvature changing means to form a be«n of first »v 
3f cktent Ifeht. and a curvature of spherteal wave, of a 
remaining part of incident light is n^chang^ toform 
a beam of second incident light Thereafter, he fffst 
incWent light to converged on thef irst .nformatwnme- 
dium. and the second incident light is converged on 
M the second information medium. 

Accordingly, the compound objective lens has 

^SlSobjec.^chteved by the provision of 

an imaging optical system, comprising: 

a light source for radiating a beam of Incident 

light of which a far field pattern is distributed to de- 
crease intensity of the incident light toward a periph- 
eral portion of the beam; 

hologram means for transmitting a part of the 
M incident light radiated from the light source ^thout 
any diffraction to form a beam of transmitted light 
and diffracting a remaining part of the indent hght 
to form a beam of diffracted light a grating pattern 
being formed in relief in the holc^ram rr^ns to con- 
55 centrically form alternating raws of bottom ^portions 
and top portions on condition that a he.ght H of rel.el 
fn the grating pattern is set to H < tf(n(X>-1) v*ere a 
symbol X denotes a wavelength of the incident light 
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and a symbol n(X) denotes a refractive index of the 
hologram means made of a glass material for the in- 
cident light having the wavelength X, a difference in 
phase modulation degree between the incident light 
transmitting through the bottom portions of the grat- 
ing pattern and the incident light transmitting through 
the top portions of the grating pattern being lower 
than 2% radians to set a diffraction efficiency of the 
hologram means to a value lower than 100 %, the 
height H of the relief in the grating pattern being grad- 
ually lowered toward an outer direction of a pattern re- 
gion in which the grating pattern is drawn, and the dif- 
fraction efficiency of the hologram means for the in- 
cident light being gradually lowered toward the outer 
direction of the pattern region to distribute intensity of 
the transmitted light in a gently-sloping shape; and 

lens means for converging the transmitted 
light formed in the hologram means to form a first 
converging spot at a first focal point and converging 
the diffracted light formed in the hologram means to 
form a second converging spot at a second focal 
point. 

In the above configuration, a beam of incident 
light is radiated from a light source. Afar field pattern 
of the incident light is distributed to decrease intensity 
of the incident light toward a peripheral portion of the 
beam. For example, the light source is a semiconduc- 
tor laser, the far field pattern of the incident light is dis- 
tributed in the Gaussian distribution. Thereafter, the 
Incident light transmits through the hologram means. 
In this case, because a grating pattern is drawn in re- 
lief in the hologram means and because the height of 
the relief is lower than a value X/<n(X}-1). the differ- 
ence in phase modulation degree between the inci- 
dent light transmitting through a bottom portion of the 
grating pattern and the incident light transmitting 
through a top portion of the grating pattern is induced 
to be lower than 2n radians. Therefore, the diffraction 
efficiency of the hologram means for the incident light 
is set to a value lower than 100 % over the entire grat- 
ing pattern, so that the transmitted light and the dif- 
fracted light are simultaneously formed in the holo- 
gram lens. In addition, because the height H of the re- 
lief in the grating pattern is gradually lowered toward 
the outer direction of the pattern region, the diffrac- 
tion efficiency of the hologram means for the incident 
light is gradually lowered toward the outer direction of 
the pattern region. Therefore, the incident light posi- 
tioned at a center portion of its beam are mainly 
changed to the diffracted light, and the incident light 
positioned at a peripheral portion of its beam are 
mainly changed to the transmitted light. 

Thereafter, the transmitted light is refracted and 
converged by the lens means, so that the transmitted 
light is focused on a first converging spot positioned 
at a first focal point Also, the diffracted light is re- 
fracted and converged by the lens means, so that the 
diffracted light is focused on a second converging 



spot positioned at a second focal point. In this case, 
because a propagation direction of the transmitted 
light differs from that of the diffracted light the first 
focal point for the transmitted light differs from the 
5 second focal point for the diffracted light 

Accordingly, even though the far field pattern of 
the incident light is distributed in the Gaussian distrib- 
ution, the far field pattern of the transmitted light is 
distributed in a gently-sloping shape. Therefore, see- 
to ondary maxima (or side lobes) of the transmitted light 
can be prevented from occurring at the first converg- 
ing spot 

Also, because the height H of the relief in the grat- 
ing pattern is gradually lowered over the entire pat- 

15 tern region, a numerical aperture of the lens means 
for the diffracted light can be sufficiently heightened. 

The second object is also achieved by the provi- 
sion of an imaging optical system, comprising: 

a light source for radiating a beam of incident 

20 light of which a far field pattern is distributed to de- 
crease intensity of the incident light toward a periph- 
eral portion of the beam; 

hologram means for transmitting a part of the 
incident light radiated from the light source without 

25 any diffraction to form a beam of transmitted light 
and diffracting a remaining part of the incident light 
to form a beam of diffracted light, a grating pattern 
being formed in relief in the hologram means to con- 
centrically form alternating rows of bottom portions 

30 and top portions on condition that a height H of relief 
in the grating pattern Is set to H < X/(n(X)-1) where a 
symbol X denotes a wavelength of the incident light 
and a symbol n(X) denotes a refractive index of the 
hologram means made of a glass material for the in- 

35 cident light having the wavelength X, a difference in 
phase modulation degree between the incident light 
passing through the bottom portions of the grating 
pattern and the incident light passing through the top 
portions of the grating pattern being lower than 2* ra- 

40 dians to set a diffraction efficiency of the hologram 
means to a value lower than 100 %, the height H of 
the relief in the grating pattern being gradually low- 
ered toward an inner direction of a pattern region in 
which the grating pattern is drawn, and the diffraction 

45 efficiency of the hologram means for the incident light 
being gradually lowered toward the inner direction of 
the pattern region to distribute intensity of the dif- 
fracted light in a gently-sloping shape; and 

lens means for converging the transmitted 

so light formed in the hologram means to form a first 
converging spot at a first focal point and converging 
the diffracted light formed in the hologram means to 
form a second converging spot at a second focal 
point. 

55 In the above configuration, the transmitted light 

and the diffracted light are simultaneously formed in 
the hologram lens in the same manner. Also, because 
the height H of the relief in the grating pattern is grad- 
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ually lowered toward the inner direction of the pattern 
region, the diffraction efficiency of the hologram 
means for the incident light is gradually lowered to- 
ward the inner direction of the pattern region. There- 
fore, the incident light positioned at a center portion 
of its beam are mainly changed to the transmitted 
light, and the incident light positioned at a peripheral 
portion of its beam are mainly changed to the diffract- 
ed light 

Accordingly, even though the far field pattern of 
the incident light is distributed in the Gaussian distrib- 
ution, the far f ieW pattern of the diffracted light is dis- 
tributed In a gently-sloping shape. Therefore, second- 
ary maxima (or side lobes) of the diffracted light can 
be prevented from occurring at the second converg- 
ing spot. 

Also, because the height H of the relief in the grat- 
ing pattern is gradually lowered over the entire pat- 
tern region, a numerical aperture of the lens means 
for the transmitted light can be sufficiently height- 
ened. 

The third object is achieved by the provision of an 
optical head apparatus for recording or reproducing a 
piece of information on or from a thin type of first in- 
formation medium having a first thickness or a thick 
type of second information medium having a second 
thickness larger than the first thickness, comprising: 
a light source for radiating a beam of incident 

light; 

hologram means for transmitting a part of the 
incident light radiated from the light source without 
any diffraction on an outgoing path to form a beam 
of transmitted light and diffracting a remaining part of 
the incident light radiated from the light source on the 
outgoing path to form a beam of diffracted light, the 
hologram means functioning as a lens for the diffract- 
ed light to diverge the diffracted light from the holo- 
gram means or converge the diffracted light 

lens means for converging the transmitted 
light formed in the hologram means at a first focal 
length on the outgoing path to form a first converging 
spot at a front surface of the first information medium 
or converging the diffracted light formed in the holo- 
gram means at a second focal length on the outgoing 
path to form a second converging spot at a front sur- 
face of the second information medium, the transmit- 
ted light being incident on a rear surface of the first 
information medium and being converged at the front 
surface of the first information medium, the transmit- 
ted light being reflected at the rear surface of the first 
information medium and again passing through the 
lens means and the hologram means on an incoming 
path, the diffracted light being incident on a rear sur- 
face of the second information medium and being 
converged at the front surface of the second informa- 
tion medium, and the diffracted light being reflected 
at the rear surface of the first information medium 
and again passing through the lens means and the 



hologram means on the incoming path; 

wavef ront changing means for changing a wa- 
vef ront of the transmitted light or the diffracted light 
passing through the lens means and the hologram 
5 means on the incoming path to form one or more 
beams of information light; and 

detecting means for detecting intensities of 
the information light formed by the wavef ront chang- 
ing means and generating an information signal ac- 
10 cording to the intensities of the information light, the 
information signal expressing a piece of information 
recorded on the first information medium or the sec- 
ond information medium. 

In the above configuration, a beam of incident 
15 light is radiated from the light source, and a part of the 
incident light transmits through the hologram lens to 
form a beam of transmitted light Also, a remaining 
part of the incident light is diffracted by the hologram 
lens to form a beam of diffracted light Thereafter, the 
20 transmitted light and the diffracted light are con- 
verged by the converging means. In cases where a 
piece of information is recorded or reproduced on or 
from the first information medium, the transmitted 
light is incident on the rear surface of the f irst infor- 
25 matlon medium and is converged at the front surface 
of the first information medium to form the f irst con- 
verging spot Thereafter, the transmitted light is re- 
flected at the rear surface of the first information me- 
dium and again passes through the lens means and 
30 the hologram means without any diffraction. In con- 
trast, in cases where a piece of information is record- 
ed or reproduced on or from the second information 
medium, the diffracted light is incident on the rear 
surface of the second information medium and is con- 
35 verged at the front surface of the second information 
medium to form the second converging spot There- 
after, the diffracted light is reflected at the rear sur- 
face of the second information medium and again 
passes through the lens means. Thereafter, the dif- 
40 fracted light is again diffracted by the hologram 
means. 

Thereafter, a wavef ront of the transmitted light or 
the diffracted light is changed by the wavefront 
changing means to form a plurality of beams of re- 

45 fleeted light and the intensities of the reflected light 
is detected by the detecting means. Therefore, an in- 
formation signal expressing the information recorded 
on the first or second information medium is gener- 
ated according to the intensities of the reflected light 

so Accordingly, because the first converging spot of 

the tra nsmitted light differs from the second converg- 
ing spot of the diffracted light, a compound objective 
lens composed of the hologram lens and the lens 
means has two focal points. Therefore, a piece of in- 

55 formation can be recorded or reproduced on or from 
an information medium regardless of whether the in- 
formation medium has the first thickness or the sec- 
ond thickness. 
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The third object is also achieved by the provision 
of an optical head apparatus for recording or repro- 
ducing a piece of information on or from a first infor- 
mation medium having a f irst thickness T1 or a sec- 
ond information medium having a second thickness 
12 (TKT2), comprising: 

lens means for converging a beam of first inci- 
dent light on a front surface of a f irst information me- 
dium having a first thickness T1 or converging a beam 
of second incident light on a front surface of a second 
information medium having a second thickness T2 
(T2<T1), the first incident light passing through the 
first information medium from its rear surface, and 
the second incident light passing through the second 
information medium from its rear surface; 

aperture limiting means for selectively limiting 
an aperture of the lens means for the second incident 
light which is incident on the lens means, a second nu- 
merical aperture of the lens means for the second in- 
cident light which is incident on the lens means being 
lower than a first numerical aperture of the lens 
means for the f irst incident light which is incident on 
the lens means, the first incident light being reflected 
at the front surface of the first information medium 
and again passing through the lens means and the 
aperture limiting means on an incoming path, and the 
second incident light being reflected at the front sur- 
face of the second information medium and again 
passing through the lens means and the aperture li m- 
iting means on the incoming path; 

a light source for radiating the first incident 
light and the second incident light to the aperture lim- 
iting means; 

wavef ront changing means for changing a wa- 
vef ront of the f irst or second incident light passing 
through the lens means and the aperture limiting 
means on the incoming path to form one or more 
beams of informatton light; and 

detecting means for detecting intensities of 
the information light formed by the wavef ront chang- 
ing means and generating an information signal ac- 
cording to the intensities of the information light, the 
information signal expressing a piece of information 
recorded on the first information medium or the sec- 
ond information medium. 

In the above configuration, a compound objec- 
tive lens composed of the lens means and the aper- 
ture limiting means has two focal points, and the in- 
tensity of the first incident light is larger than that of 
the second incident light. 

Accordingly, a piece of information can be re- 
corded or reproduced on or from an information me- 
dium regardless of whether the information medium 
has the f irst thickness or the second thickness. Also, 
a piece of information can be efficiently recorded on 
the first information medium with the first incident 
light having a high intensity, and a piece of informa- 
tion can be efficiently reproduced from the second in- 



formation medium with the second incident light hav- 
ing a comparatively low intensity. 

The third object is also achieved by the provision 
of an optical head apparatus for recording or repro- 
5 ducing a piece of information on or from a first Infor- 
mation medium having a f irst thickness or a second 
information medium having a second thickness, com- 
prising: 

lens means for converging a beam of first incn 
10 dent light on a front surface of the first information 
medium and converging a beam of second incident 
light on a front surface of the second information me- 
dium, the first incident light passing through the first 
information medium from its rear surface, and the 
15 second incident light passing through the second in- 
formation medium from its rear surface; and 

curvature changing means for changing a cur- 
vature of spherical waves of a part of incident light to 
form the first incident light which is incident on the 
20 lens means and not changing a curvature of spherical 
waves of a remaining part of incident light to form the 
second incident light which is incident on the lens 
means, the first incident light being reflected at the 
front surface of the first information medium and 
25 again passing through the lens means and the curva- 
ture changing means on an incoming path, and the 
second incident light being reflected at the front sur- 
face of the second information medium and again 
passing through the lens means and the curvature 
30 changing means on the incoming path; 

a light source for radiating the incident light to 
the curvature changing means; 

wavef ront changing means for changing a wa- 
vefront of the first or second incident light passing 
35 through the lens means and the curvature changing 
means on the incoming path to form one or more 
beams of informatton light; and 

detecting means for detecting intensities of 
the information light formed by the wavef ront chang- 
40 ing means and generating an information signal ac- 
cording to the intensities of the information light, the 
information signal expressing a piece of information 
recorded on the f irst information medium or the sec- 
ond information medium. 
45 In the above configuration, because a compound 

objective lens is composed of the lens means and the 
curvature changing means, the compound objective 
lens has two focal points. 

Accordingly, a piece of information can be re- 
50 corded or reproduced on or from an information me- 
dium regardless of whether the information medium 
has the f irst thickness or the second thickness. 

The fourth object is achieved by the provision of 
an optical disk, comprising: 
55 an information recording substrate partitioned 

into a first region and a second region, the first region 
having a f irst thickness, and the second region having 
a second thickness smaller than the f irst thickness; 
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a plurality of first recording pits placed at the 
first region of the information recording substrate for 
recording pieces of recording information at a high re- 
cording density, the first recording pits being formed 
at narrow intervals; and 

a plurality of second recording pits placed at 
the second region of the information recording sub- 
strate for recording pieces of distinguishing informa- 
tion at an ordinary recording density of a compact 
disk, the distinguishing information informing that the 
recording information are recorded on the informa- 
tion recording substrate having the first thickness, 
and the recording density of the recording informa- 
tion being higher than that of the distinguishing infor- 
mation. 

In the above configuration, a substrate of a con- 
ventional compact disk has the same second thick- 
ness as that of the second region of the information 
recording substrate in the optical disk according to 
the present invention. Therefore, in cases where a 
beam of reproducing light is incident on a prescribed 
region of an unknown disk selected from a group of 
the conventional compact disk and the optical disk, 
the reproducing light is focused on a recording pit of 
the conventional compact disk or one of the second 
recording pits of the optical disk regardless of wheth- 
er the unknown disk is the conventional compact disk 
or the optical disk. 

In cases where the unknown disk is the optical 
disk, a piece of distinguishing information is read by 
the reproducing light Because the distinguishing in- 
formation informs that pieces of recording informa- 
tion are recorded on the information recording sub- 
strate having the first thickness, a curvature of the re- 
producing light is automatically changed to focus the 
reproducing light on the information recording sub- 
strate having the first thickness, and the reproducing 
light is automatically focused on one of the first re- 
cording pits. Therefore, a piece of recording informa- 
tion is reproduced. 

In contrast, in cases where the unknown disk is 
the conventional compact disk, a piece of recording 
information is read by the reproducing light in the 
same manner as in a prior art 

Accordingly, a piece of recording information 
formed on an information recording substrate can be 
reliably reproduced even though the thickness of the 
information recording substrate is unknown. 

The fourth object is also achieved by the provi- 
sion of an optical disk, comprising: 

an information recording substrate having a 
thin thickness, the thin thickness of the information 
recording substrate being thinner than that of a com- 
pact disk; 

a plurality of first recording pits placed at a first 
region of the information recording substrate for re- 
cording pieces of recording information at a high re- 
cording density, the first recording pits being formed 



at narrow intervals; and 

a plurality of second recording pits placed at a 
second region of the information recording substratB 
for recording pieces of distinguishing information at a 
5 low recording density, the distinguishing information 
informing that the recording information are recorded 
on the information recording substrate having the thin 
thickness, the recording density of the recording in- 
formation being higher than that of the distinguishing 
10 information, each of the second recording pits being 
larger than that of a recording pit in the compact disk, 
and a converging spot of a beam of reproducing light, 
which is converged to focus on an ordinary recording 
pit formed on a substrate having an ordinary thick- 
15 ness of the compact disk, being formed in one of the 
second recording pits to read the distinguishing infor- 
mation. 

In the above configuration, a beam of reproduc- 
ing light, of which a curvature is adjusted to focus the 
20 reproducing light on a recording pit formed on an in- 
formation recording substrate of the compact disk, is 
incident on a prescribed region of an unknown disk 
selected from a group of the compact disk having an 
ordinary thickness and the optical disk according to 
25 the present invention, In cases where the unknown 
disk is the optical disk, the reproducing light is con- 
verged on one of the second recording pits in defocus 
because the information recording substrate of the 
optical disk has the thin thickness. However, because 
30 each of the second recording pits is large in size, a 
converging spot of the reproducing light is formed in 
the second recording pit. Therefore, a piece of distin- 
guishing information is read by the reproducing light. 
Because the distinguishing information informs that 
35 pieces of recording information are recorded on the 
information recording substrate having the thin thick- 
ness, a curvature of the reproducing light is automat- 
ically changed to focus the reproducing light on the in- 
formation recording substrate having the thin thick- 
40 ness, and the reproducing light is automatically fo- 
cused on one of the first recording pits. Therefore, a 
piece of recording information is reproduced. 

In contrast, in cases where the unknown disk is 
the compact disk, a piece of recording information is 
45 read by the reproducing light in the same manner as 
in a prior art. 

Accordingly, a piece of recording information 
formed on an information recording substrate can be 
reliably reproduced even though the thickness of the 
50 information recording substrate is unknown. 

The fifth object is achieved by the provision of an 
optical disk apparatus for recording or reproducing 
pieces of recording information on or from an optical 
disk in which the recording information are recorded 
55 or reproduced at a high density on or from a first sub- 
strate having a first thickness and a piece of distin- 
guishing information informing that the recording in- 
formation are recorded or reproduced on or from the 
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first substrate having the first thickness is recorded 
at an ordinary density on a second substrate having 
a second thickness larger than the first thickness, 
comprising; 

rotating means for rotating the optical disk at 
a regular speed; 

a light source for radiating a beam of incident 

light; 

hologram means for transmitting a part of the 
incident light radiated from the light source without 
any diffraction on an outgoing path to form a beam 
of transmitted light and diffracting a remaining part of 
the incident light radiated from the light source on the 
outgoing path to form a beam of diffracted light, the 
hologram means functioning as a lens for the diffract- 
ed light to diverge the diffracted light from the holo- 
gram means; 

lens means for converging the transmitted 
light formed in the hologram means on the first sub- 
strate of the optical disk rotated by the rotating means 
to record or reproduce a piece of recording informa- 
tion on or from the optical disk and converging the dif- 
fracted light formed in the hologram means on the 
second substrate of the optical disk rotated by the ro- 
tating means to reproduce the distinguishing informa- 
tion from the optical disk, the transmitted light being 
reflected by the first substrate of the optical disk and 
again passing through the lens means and the holo- 
gram means on an Incoming path, and the diffracted 
light being reflected by the second substrate of the 
optical disk and again passing through the lens 
means and the hologram means on the incoming 
path; 

wavef ront changing means for changing a wa- 
vef ront of the transmitted light passing through the 
lens means and the hologram means on the incoming 
path to form one or more beams of recording informa- 
tion light and changing a wavef ront of the diffracted 
light passing through the lens means and the holo- 
gram means on the Incoming path to form one or more 
beams of distinguishing information light; 

detecting means for detecting intensities of 
the recording information light formed by the wave- 
front changing means to generate a recording infor- 
mation signal according to the intensities of the re- 
cording information light and detecting intensities of 
the distinguishing information light formed by the wa- 
vefront changing means to generate a distinguishing 
information signal according to the intensities of the 
distinguishing information light, the distinguishing in- 
formation signal expressing the distinguishing infor- 
mation recorded on the second substrate of the opt- 
ical disk, and the recording information signal ex- 
pressing the recording information recorded on the 
first substrate of the optical disk; and 

moving means for moving an optical head ap- 
paratus comprising the light source, the hologram 
means, the lens means and the detecting means to 



converge the diffracted light formed in the hologram 
means on the second substrate of the optical disk and 
moving the optical disk, in which the diffracted light 
formed in the hologram means is converged on the 
5 second substrate of the optical disk, to converge the 
transmitted light formed in the hologram means on 
the first substrate of the optical disk in cases where 
the distinguishing information is detected in the de- 
tecting means. 
10 In the above configuration, an optical head appa- 

ratus comprising the light source, the hologram 
means, the lens means and the detecting means has 
the same configuration as that described before. Ini- 
tially, the optical head apparatus is moved by the 
15 moving means to converge in focus the diffracted 
light formed in the hologram means on the second 
substrate of the optical disk rotated by the rotating 
means. Therefore, the distinguishing information re- 
corded on the second substrate is reproduced in the 
20 detecting means, and it is informed that pieces of re- 
cording information are recorded or reproduced on or 
from the first substrate having the first thickness. 
Thereafter, the optical head apparatus is moved by 
the moving means to converge in focus the transmit- 
25 ted light formed in the hologram means on the first 
substrate of the optical disk rotated by the rotating 
means. Therefore, a piece of recording information is 
recorded or reproduced on or from the first substrate 
of the optical disk. 
30 Accordingly, even though a high density type of 

optical disk, In which pieces of recording Information 
is recorded or reproduced on or from the substrate 
having the first thickness smaller than the second 
thickness of a conventional optical disk, is utilized, 
35 the recording information can be reliably recorded or 
reproduced. 

The fifth object is also achieved by the provision 
of an optical disk apparatus for recording or reproduc- 
ing pieces of recording information on or from an opt- 
40 ical disk in which the recording information are re- 
corded or reproduced at a high density on or from a 
first substrate having a thin thickness thinner than 
that of a compact disk and a piece of distinguishing 
information informing that the recording information 
45 are recorded or reproduced on or from the first sub- 
strate having the thin thickness is recorded at a low 
density on a second substrate having the thin thick- 
ness, comprising: 

rotating means for rotating the optical disk at 
so a regular speed; 

a light source for radiating a beam of incident 

light; 

hologram means for transmitting a part of the 
incident light radiated from the light source without 
55 any diffraction on an outgoing path to form a beam 
of transmitted light and diffracting a remaining part of 
the incident light radiated from the light source on the 
outgoing path to form a beam of diffracted light, the 

10 
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hologram means functioning as a lens for the diffract- 
ed light to diverge the diffracted light from the holo- 
gram means; 

lens means for converging in focus the trans- 
mitted light formed in the hologram means on the first 
substrate of the optical disk rotated by the rotating 
means to record or reproduce a piece of recording in- 
formation on or from the optical disk and converging 
in defocus the diffracted light formed in the hologram 
means on the second substrate of the optical disk ro- 
tated by the rotating means to reproduce the distin- 
guishing information from the optical disk, the trans- 
mitted light being reflected by the first substrate of 
the optical disk and again passing through the lens 
means and the hologram means on an incoming path, 
and the diffracted light being reflected by the second 
substrate of the optical disk and again passing 
through the lens means and the hologram means on 
the incoming path; 

wavef ront changing means for changing a wa- 
vefront of the transmitted light passing through the 
lens means and the hologram means on the incoming 
path to form one or more beams of recording informa- 
tion light and changing a wavef ront of the diffracted 
light passing through the lens means and the holo- 
gram means on the incoming path to form one or more 
beams of distinguishing information light; 

detecting means for detecting intensities of 
the recording information light formed by the wave- 
front changing means to generate a recording infor- 
mation signal according to the intensities of the re- 
cording information light and detecting intensities of 
the distinguishing information light formed by thewa- 
vefront changing means to generate a distinguishing 
information signal according to the intensities of the 
distinguishing information light, the distinguishing in- 
formation signal expressing the distinguishing infor- 
mation recorded on the second substrate of the opt- 
ical disk, and the recording information signal ex- 
pressing the recording information recorded on the 
first substrate of the optical disk; and 

moving means for moving an optical head ap- 
paratus comprising the light source, the hologram 
means, the lens means and the detecting means, to 
converge the diffracted light formed in the hologram 
means in defocus on the second substrate of the opt- 
ical disk and moving the optical disk, in which the dif- 
fracted light formed in the hologram means is con- 
verged on the second substrate of the optical disk in 
defocus, to converge the transmitted light formed in 
the hologram means on the first substrate of the opt- 
ical disk in focus in cases where an intensity of the 
distinguishing information signal generated in the de- 
tecting means is larger than a threshold value. 

In the above conf iguratton. an optical head appa- 
ratus comprising the light source, the hologram 
means, the lens means and the detecting means has 
the same configuration as that described before. Ini- 



tially, the optical head apparatus is moved by the 
moving means to converge in defocus the diffracted 
light formed in the hologram means on the second 
substrate of the optical disk rotated by the rotating 

5 means. In this case, because the distinguishing infor- 
mation is recorded at a low density, a plurality of re- 
cording pits expressing the distinguishing informa- 
tion are respectively large in size. Therefore, even 
though the diffracted light is converged on each of the 

10 recording pits in defocus, a converging spot of the dif- 
fracted light is formed in each of the recording pits. 
Therefore, the distinguishing information recorded on 
the second substrate Is reproduced in the detecting 
means, and It is informed that pieces of recording in- 

15 formation are recorded or reproduced on or from the 
first substrate having the thin thickness. Thereafter, 
the optical head apparatus is moved by the moving 
means to converge in focus the transmitted light 
formed in the hologram means on the first substrate 

20 of the optical disk rotated by the rotating means. 
Therefore, a piece of recording information is record- 
ed or reproduced on or from the first substrate of the 
optical disk. 

Accordingly, even though a high density type of 
25 optical disk, in which pieces of recording information 
are recorded or reproduced on or from the substrate 
having the thin thickness smaller than an ordinary 
thickness of a conventional optical disk, is utilized, 
the recording Information can be reliably recorded or 
30 reproduced. 

The sixth object is achieved by the provision of a 
binary focus microscope for simultaneously observ- 
ing a first image put on a first image plane and a sec- 
ond image put on a second image plane, comprising; 
35 an objective lens for refracting a beam of first 

light diverging from the first image and a beam of sec- 
ond light diverging from the second image, a first dis- 
tance between the objective lens and the f irst image 
of the first image plane differing from a second dis- 
40 tance between the objective lens and the second im- 
age of the second image plane; 

a hologram lens for transmitting the f irst light 
refracted by the objective lens without any diffraction 
to for m a beam of transmitted light and diffracting the 
45 second light refracted by the objective lens to form a 
beam of diffracted light, the hologram lens function- 
ing as a lens for the second light to pass the diffracted 
light through the same optical path as the transmitted 
light passes through, and a beam of superposed light 
so being formed of the transmitted tight and the diffract- 
ed light; 

an inner lens for converging the superposed 
light formed by the hologram lens at an image point 
of a third image plane to simultaneously form the first 
55 image and the second image enlarged on the third 
image plane; and 

an ocular lens for converging the superposed 
light which is converged by the inner lens and diverg- 
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es from the image point to simultaneously form the 
first Image and the second image moreover en- 
larged. 

In the above configuration, a beam of first light di- 
verging from the first image and a beam of second 
light diverging from the second image are refracted 
together by the objective lens. In this case, because 
a first distance between the objective lens and the 
first i mage of the first image plane differs from a sec- 
ond distance between the objective lens and the sec- 
ond image of the second image plane, a curvature of 
the first light refracted differs from another curvature 
of the second light refracted. Thereafter, the first light 
refracted transmits through the hologram lens with- 
out any diffraction to form a beam of transmitted 
light, and the second light refracted is diffracted by 
the hologram lens to form a beam of diffracted light. 
In this case, because the hologram tens functions as 
a lens for the diffracted light, a curvature of the dif- 
fracted light agrees with that of the transmitted light. 
In other words, the diffracted light passes through the 
same optical path as the transmitted light passes 
through. Therefore, a beam of superposed light is 
formed of the transmitted light and the diffracted 
light Thereafter, the superposed light is converged by 
the innerlensatan image point of a third image plane, 
so that the first image and the second image en- 
larged are simultaneously formed on the third image 
plane. Thereafter, the superposed light diverging 
from the image point is converged by the ocular lens, 
so that the first image and the second Image more- 
over enlarged are simultaneously formed. 

Accordingly, an operator can observe the first 
image and the second image sufficiently enlarged. 

The sixth object is also achieved by the provision 
of a binary focus microscope for simultaneously ob- 
serving a first image put on a first image plane and 
a second image put on a second image plane, com- 
prising: 

an objective lens for refracting a beam of first 
light diverging from the first image and a beam of sec- 
ond light diverging from the second image, a first dis- 
tance between the objective lens and the first image 
of the first image plane differing from a second dis- 
tance between the objective lens and the second im- 
age of the second image plane; 

a hologram lens for transmitting the first light 
refracted by the objective lens without any diffraction 
to form a beam of transmitted light and diffracting the 
second light refracted by the objective lens to form a 
beam of diffracted light, the hologram lens function- 
ing as a lens for the second light to pass the diffracted 
light through the same optical path as the transmitted 
light passes through, and a beam of superposed light 
being formed of the transmitted light and the diffract- 
ed light; 

an inner lens for converging the superposed 
light formed by the hologram lens at an image point 



of a third image plane to simultaneously form the first 
image and the second image enlarged on the third 
image plane; and 

photographing means for photographing a su- 
5 perposed image formed of the first and second im- 
ages enlarged on the third image plane by converging 
the superposed light in the inner lens. 

In the above configuration, the first image and 
the second image enlarged are simultaneously 
10 formed on the third image plane in the same manner. 
Thereafter, the f irst image and the second image en- 
larged are photographed by the photographing 
means as a superposed image. 

Accordingly, the first image and the second inv 
15 age enlarged can be observed. 

The seventh embodiment is achieved by the pro- 
vision of an alignment apparatus for aligning a first 
reference image drawn on a photomask with a sec- 
ond reference image drawn on a sample, compnsmg: 
20 a light source for radiating beams of alignment 

light to illuminate the f irst and second reference im- 



an objective lens for refracting both a beam of 
first alignment light diverging from the first reference 
25 image and a beam of second alignment light diverging 
from the second reference image which are illumin- 
ated with the alignment light radiated from the light 
source, a first distance between the objective lens 
and the first reference Image of the photomask dif- 
30 fering from a second distance between the objective 
lens and the second reference image of the sample; 

a hologram lens for transmitting the first align- 
ment light refracted by the objective lens without any 
diffraction to form a beam of transmitted light and dif- 
35 fracting the second alignment light refracted by the 
objective lens to form a beam of diffracted light the 
hologram lens functioning as a lens for the second 
alignment light to pass the diffracted light through the 
same optical path as the transmitted light passes 
40 through, and a beam of superposed light being 
formed of the transmitted light and the diffracted 
light 

an inner lens for converging the superposed 
light formed by the hologram lens at an image point 
45 of an image plane to simultaneously form the first and 
second reference images enlarged on the image 
plane, an optical axis passing through centers of the 
objective lens, the hologram lens and the inner lens; 
photographing means for photographing a su- 
so perposed image formed of the first and second im- 
ages enlarged on the image plane by converging the 
superposed light in the inner lens; and 

moving means for moving the photomask or 
the sample according to the superposed image pho- 
55 tographed by the photographing means to align the 
first reference image with the second reference im- 
age along the optical axis. 

In the above configuration, the objective lens, the 

12 
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hologram lens and the inner lens are the same as 
those In the binary focus microscope. Therefore, the 
f irst and second images enlarged on the image plane 
is photographed by the photographing means as a su- 
perposed image. Thereafter, the photomask or the 
sample is moved in a direction perpendicular to the 
optical axis by the moving means to align the first ref- 
erence image with the second reference image along 
the optical axis. 

Accordingly, because the superposed image 
formed of the first and second reference images en- 
larged is photographed by the photographing means 
a relative position between the first and second ref- 
erence images can be accurately observed. There- 
fore, the first reference image can be accurately 
aligned with the second reference image. 

The eighth embodiment is achieved by the pro- 
vision of a focusing method for focusing light on a first 
information medium having a first thickness or a sec- 
ond information medium having a second thickness 
to record or reproduce a piece of information on or 
from the first information medium or the second infor- 
mation medium, comprising the steps of. 

moving an optical head apparatus in a direc- 
tion to decrease or increase the distance between the 
optical head apparatus and the f irst or second infor- 
mation medium, the optical head apparatus compns- 

109 a light source for radiating a beam of incident 

hologram means for transmitting a part of the 
incident light radiated from the light source without 
any diffraction on an outgoing path to form a beam 
of transmitted light and diffracting a remaining part of 
the incident light radiated from the light source on the 
outgoing path to form a beam of diffracted light, the 
hologram means functioning asa lens for the diffract- 
ed light to diverge the diffracted light from the holo- 
gram means or converge the diffracted light, 

lens means for converging the transmitted 
light formed in the hologram means at a f irst focal 
length on the outgoing path to form a f irst converging 
spot at a front surface of the first information medium 
or converging the diffracted light formed in the holo- 
gram means at a second focal length on the outgoing 
path to form a second converging spot at a front sur- 
face of the second information medium, the transmit- 
ted light being incident on a rear surface of the firs 
information medium and being converged atthe front 
surface of the f irst information medium, the transmit- 
ted light being reflected atthe rear surface of the first 
information medium and again passing through the 
lens means and the hologram means on an incoming 
path, the diffracted light being incident on a rear sur- 
face of the second information medium and being 
converged atthe front surface of the second informa- 
tion medium, and the diffracted light being reflected 
at the rear surface of the first information medium 



and again passing through the lens means and the 
hologram means on the incoming path, 

wavef ront changing means for changing a wa- 
vef ront of the transmitted light or the diffracted light 
5 passing through the lens means and the hologram 
means on the incoming path to form one or more 
beams of information light, and 

detecting means for detecting intensities of 
the information lightformed by the wavefront chang- 
io ing means and generating an information signal and 
a focus error signal according to the intensity of the 
information light, the information signal expressing a 
piece of information recorded on the first information 
medium or the second information medium; 
15 judging whether or not an intensity of the focus 

error signal generated in the detecting means is larg- 
er than a threshold value; and 

adjusting the position of the optical head ap- 
paratus to decrease the intensity of the focus error 
20 signal to zero when the intensity of the focus error sig- 
nal becomes larger than the threshold value. 

In the above steps, the focusing method is per- 
formed by ut ilizing the optical head apparatus descri- 
bed above. The intensity of the focus error signal is 
25 largely increased when the distance between the lens 
means and the first or second information medium is 
near to a focal length of the lens means. Therefore, 
when the intensity of the focus error signal becomes 
larger than a threshold value, the lens means is 
30 placed near to a just-focus point in which the trans- 
mitted light or the diffracted light is converged on the 
first or second information medium in focus. 

Accordingly, in cases where the position of the 
optical head apparatus is adjusted to decrease the in- 
35 tensity of the focus error signal to zero when the in- 
tensity of the focus error signal becomes larger than 
the threshold value, the transmitted light or the dif- 
fracted light can be focused on the first or second in- 
formation medium. 
40 The ninth embodiment is achieved by the provh 

sion of an information reproducing method for repro- 
ducing a piece of recording information from an opt- 
ical disk in which the recording information are re- 
corded at a high density on a first substrate having a 
45 f irst thickness and a piece of distinguishing informa- 
tion informing that the recording information are re- 
corded on the first substrate is recorded at an ordi- 
nary density on a second substrate having a second 
thickness larger than the first thickness, compns.ng 

so the step of. 

moving an optical disk apparatus under the 
second substrate of the optical disk, the optical disk 
compnsing^ for rotating the optfca i disk at 

55 a regular speed. 

a light source for radiating a beam of incident 

,,9ht; hologram means for transmitting a part of the 
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• vw liaht radiated from the light source without 
incident hgm rauieuou f a beam 
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the recording "J^^^ 

matton stgnfll ,„d detecting intensities of 

cording information l.gbt and deteomg 

the distinguishing ^^^^^ng 
vef ront changing means to S°™^ *™Jgs of the 

SSTS^iS .formation signa, ex 
£££ the recording information recorded on the 

substrate of the optical disk to reproduce the dlstm- 
^'^Te^ioa.diskapparatustoapos^ 

opticaldisk when the disting U 6h.ng.nformat«.ntsde- 

eraungthe recording information signa. in the detect 
m9 above steps, the informal reproducing 



*.~A oerformed by utilizing the optical disk ap- 
m8 T iSb^above Thedistinguishinginforma- 

s reduce wTh the diffracted light. In this c*». £ 
^Telecond substrate has the second thlck- 
s cause "» e ' ' , iustfocuse d on the second 
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Accordingly, the recording informat.on can 
" '^CS^'and advanteges of the present £ 
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25 ST? between the thick- 
Ffl - ^^To^al disk and a numerical aperture 

^^l^iviewofanin^ing^ 
S'sTstemhaving * compound objective lens ac- 
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35 fJ 4B 'is a constitutional view of ^the ^imaging 

optfcal system shown in Fig. 4A. a beam off** 
ZTJi meted light being converged on a th,ck 
tvoe of information medium; 

" F«. "«..g»TOl««»'»'>'"» h0 ' M,m 

imating to a stepwise shape composed 
55 Sf£S cm" sectional view of the hologram 
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amy of stairs being shown: 
Fig 9A is a constitutional view of an imaging opt- 
ical system having a compound objective lens Be- 
coming to a modification of the first embodiment, 
a beam of first-order diffracted light being con- s 
verged on a thin type of information medium; 
Fiq 9B is a constitutional view of the imaging 
optical system shown in Fig. 9A, a beam of trans- 
mitted light not diffracted being converged on a 
thick type of Information medium; 
Fig 1 0A is a constitutional view of an imaging 
optical system having a compound objective lens 
according to a second embodiments the present 
invention, a beamof transmitted Ught ^diffract- 
ed being convened on a thin type of ,nfot mation « 

FiT'lOB is a constitutional view of the imaging 
optical system shown in Fig. 10A. a beam of f irst- 
order diffracted light being converged on a thicfc 
type of information medium; 1 
Fig 1 1 shows a change of a diffraction efficiency 
of a hologram lens shown in Figs. 10A. 10B; 
Figs 12Ato12E are respectively across section- 
al view of the hologram lens shown in Figs. 10A, 
1 0B. the grating pattern of the hologram lens ap- 25 
proximating to a step-wise shape; 
Fig 13A shows an intensity distribution of inci- 
dent light utilized in the second embodiment, a 
far field pattern of the Incident light being distnb- 
uted in a Gaussian distribution; 0 
Fig 13B shows an intensity distribution of trans- 
mitted light transmitting through a hologram lens 
shown in Figs. 10A. 10B. a far field pattern of the 
incident light being distributed in a gently-sloping ^ 

shape; , 
Fras 14A to 14C show intensity distributions of 
transmitted light and diffracted light transmitting 
through a hologram lens shown in Figs. 1 0A, 10B. 
Fig 15A is a plan view of a hologram lens accord- 
ing'to a modification of the second embodiment, 40 
a grating pattern of the hologram lens being de- 

FtoTl5B. 15C are respectively a constitutional 
view of an imaging optical system having a com- 
pound objective lens according to another modh 45 
f ication of the second embodiment; 
Fig 16A is a constitutional view of an imaging 
optical system having a compound objective lens 
according to a third embodiment of the present in- 
veXTabeam™ 50 
ing converged on a thin type of information me- 

FuTi6B is a constitutional view of the imaging 
optical system shown in Fig. 16A, a beam of 
transmitted light not diffracted being converged 55 
on a thick type of information medium; 
Fig. 17 shows a change of a diffraction efficiency 
of a hologram lens shown in Figs. 16A, 16B; 



Figs 18Ato 18C show intensity distributions of 
transmitted light and diffracted light transmntuig 
through a hologram lens shown in Figs. 16A. 16B. 
Fig 19A is a cross sectional view of a compound 
objective lens according to a fourth embodiment 
of the present invention; 
Fig. 19B is a cross sectional view of a compound 
objective lens according to a modification of the 
fourth embodiment of the present invention; 
Fig 20 is a cross sectional view of a compound 
objective lens according to a fifth embodiment of 
the present invention; 

Fig. 21 is a constitutional view of an optical head 
apparatus according to a sixth embodiment of the 

present invention; . 
Fig 22 is a plan view of a wavefront changing de- 
vice utilized in the six, ninth and twelfth embodi- 
ments, a grating pattern of a hologram lens util- 
ized as the wavefront changing device being de- 

FtaW shows a positional relation between focal 
points of diffracted light occurring in the wave- 
front changing device shown in Fig. 22 and a pho- 
to detector, . 
Fig 24 is a plan view of a photo detector utilized 
in the six, ninth, tenth, twelfth, thirteenth and sev- 
enteenth embodiments; 

Fiq 25A and 25C respectively show a converging 
spot of first-order diffracted light radiated to de- 
tecting sections SE1 , SE2 and SE3 of a sextant 
photo-detector shown in Fig. 24 and another con- 
verging spot of minus f irst^rder diffracted light 
radiated to detecting sections SE4, SE5 and SE6 
of the sextant photo-detector on condition that an 
objective lens shown in Fig. 21 is defocused on 
an information medium; 

Fig 25B shows a converging spot of first-order 
diffracted light radiated to the detecting sections 
SE1 SE2 and SE3 of the sextant photo-detector 
and another converging spot of minus f irst-order 
diffracted light radiated to the detecting sections 
SE4 SE5 and SE6 of the sextant photo-detector 
on condition that the objective lens is justfocused 
on the information medium; 
Fig 26 shows a relationship between beams of 
diffracted light occurring in the wavefront chang- 
ing device shown in Fig. 22 and the photo detec- 
tor shown in Fig. 24; 

Fig 27 is a constitutional view of an optical heao 
apparatus according to a seventh embodiment; 
Fta 28 is a plan view of a photo detector utilized 
in the seven, ninth, tenth, twelfth and thirteenth 
embodiments; 

Figs 29A, 29B, 29C show various shapes ot con- 
verging spots converged on the photo detector 
shown in Fig. 28; 

Fig. 29D shows a radial direction Dr and a tan- 
gential direction Dt; 
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Fig. 30 is a constitutional view of an optical head 
apparatus according to a first modification of the 
seventh embodiment. 

Fig. 31 is a constitutional view of an optical head 
apparatus according to a second modification of 5 
the seventh embodiment; 
Fig. 32 is a constitutional view of an optical head 
apparatus according to a third modification of the 
seventh embodiment; 

Fig. 33 is a constitutional view of an optical head w 
apparatus according to a forth modification of 
the seventh embodiment; 
Fig. 34 shows a beam of transmitted light not dif- 
fracted on an incoming optical path and a beam 
of transmitted light diffracted on the incoming 15 
optical path, the beams being utilized to detect 
an information signal; 

Fig. 35A graphically shows a change of a focus 
error signal obtained by detecting the intensity of 
transmitted light, the strength of the focus error 20 
signal depending on a distance between an ob- 
jective lens and a first information medium; 
Fig. 35B graphically shows a change of a focus 
error signal obtained by detecting the intensity of 
diffracted light, the strength of the focus error 25 
signal depending on a distance between an ob- 
jective lens and a second information medium. 
Fig. 36A graphically shows a change of a focus 
error signal obtained by detecting the intensity of 
diffracted light the strength of the focus error 30 
signal depending on a distance between an ob- 
jective lens and a first information medium; 
Fig. 36B graphically shows a change of a focus 
error signal obtained by detecting the intensity of 
transmitted light, the strength of the focus error 35 
signal depending on a distance between an ob- 
jective lens and a second information medium; 
Fig. 37 is a constitutional view of an optical head 
apparatus according to a ninth embodiment; 
Fig. 38 is a constitutional view of an optical head 40 
apparatus according to a tenth embodiment; 
Fig. 39 is a plan view of a beam splitter having a 
reflection type of hologram utilized in the optical 
head apparatus shown in Fig. 38; 
Figs. 40A, 40B are respectively a constitutional 45 
view of an optical head apparatus according an 
eleventh embodiment; 

Fig. 41 is a plan view of a beam splitter having a 
reflection type of hologram utilized in the optical 
head apparatus shown in Fig. 38; so 
Fig. 42Aand 42C respectively show a converging 
spot of first-order diffracted light radiated to de- 
tecting sections SE1, SE2 and SE3 of a sextant 
photo-detector shown in Fig. 24 and another con- 
verging spot of minus first-order diffracted light 55 
radiated to detecting sections SE4, SE5 and SE6 
of the sextant photo-detector on condition that 
diffracted light is converged in defocus on a sec- 
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ond information medium; 
Fig. 42B shows a converging spot of first-order 
diffracted light radiated to the detecting sections 
SE1 , SE2 and SE3 of a sextant photo-detector 
shown in Fig. 24 and another converging spot of 
minus first-order diffracted light radiated to the 
detecting sections SE4. SE5 and SE6 of the sex- 
tant photo-detector on condition that diffracted 
light is converged in focus on a second informa- 
tion medium; 

Fig. 43 is a constitutional view of an optical head 
apparatus according to a twelfth embodiment; 
Fig. 44 is a constitutional view of an optical head 
apparatus according to a thirteenth embodiment; 
Fig. 45 is a constitutional view of an optical head 
apparatus according to a fourteenth embodi- 
ment; 

Fig. 46 is a plan view of a hologram lens utilized 
in the optical head apparatus shown in Fig. 45; 
Fig. 47 is a constitutional view of an optical head 
apparatus according to a fifteenth embodiment; 
Fig. 48 is a plan view of a hologram lens utilized 
in the optical head apparatus shown in Fig. 47; 
Figs. 49A, 49B respectively show a positional re- 
lation between unnecessary light occurring in the 
hologram lens shown in Fig. 48 and a photo de- 
tector shown in Fig. 47; 

Fig. 50 is a constitutional view of an optical head 
apparatus according to a sixteenth embodiment; 
Fig. 51 is a diagonal view of a light source and 
photo detectors utilized in the optical head appa- 
ratus shown in Fig. 50; 

Fig. 52 is a constitutional view of an optical head 
apparatus according to a seventeenth embodi- 
ment; 

Fig. 53 is a diagonal view of a high density optical 
disk according to an eighteenth embodiment, a 
cross sectional view of the disk being partially 
shown; 

Fig. 54 is a diagonal view of a high density optical 
disk according to a nineteenth embodiment, a 
cross sectional view of the disk being partially 
shown; 

Fig. 55 is a block diagram of an optical disk ap- 
paratus with one of the optical head apparatuses 
shown in Figs. 21 , 27, 30, 31 , 32, 33, 37, 38, 40A, 
43, 44, 50 and 52 according to a twentieth em- 
bodiment; 

Fig. 56 is a flow chart showing the operation of 
the optical disk apparatus shown in Fig. 55; 
Fig. 57 is a block diagram of an optical disk ap- 
paratus with one of the optical head apparatuses 
shown in Figs. 21. 27, 30, 31. 32. 33, 37, 38. 40A. 
43, 44, 50 and 52 according to a twenty-first em- 
bodiment; 

Fig. 58 is a flow chart showing the operation of 
the optical disk apparatus shown in Fig. 57; 
Fig. 59 is a constitutional view of a binary focus 
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microscope according to a twenty-second em- 
bodiment; 

Fig 60 is a partial view of the binary focus micro- 
scope shown in Fig. 59 in cases where first and 
second samples are located at bottoms of sample 

holders; _ 
Fig 61 is a constitutional view of a binary focus 
microscope according to a modification of the 
twenty-second embodiment; and 
Fig. 62 is a constitutional view of an alignment 
apparatus according to a twenty-third embodi- 
ment. 

DETAIL DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of a compound objective 
lens, an imaging optical system, an optical head ap- 
paratus, an optical disk, an optical disk apparatus, a 
binary focus microscope and an alignment apparatus 
according to the present invention are described with 
reference to drawings. 

(First Embodiment) 



Fig 4A is a constitutional view of an imaging opt- 
ical system having a compound objective lens ac- 
cording to a first embodiment of the present inven- 
tion, a beam of transmitted light not diffracted being 
converged on a thin type of Information medium. Fig. 
4B is a constitutional view of the Imaging optical sys- 
tem shown in Fig. 4A. a beam of first-order diffracted 
light being converged on a thick type of information 
medium. Fig. 5 is a plan view of a hologram lens 
shown in Figs. 4A, 4B, a grating pattern of the holo- 
gram lens being depicted. 

As shown in Figs. 4A, 4B. an imaging optical sys- 
tem 21 for converging light on a first substrate 22 of 
a thin type of first information medium 23 (a thickness 
T1) or a second substrate 24 of a thick type of second 
information medium 25 (a thickness T2) to form a dif- 
fraction-limited converging spot comprises a blazed 
hologram lens 26 for transmitting a part of incident 
light L3 radiated from a light source without any dif- 
fraction to form a beam of transmitted light L4 and dif- 
fracting a remaining part of the incident light to 
form a beam of first-order diffracted light L5. and an 
objective lens 27 for converging the transmitted light 
L4 on the first information medium 23 or converging 
the first-order diffracted light L5 on the second infor- 
mation medium 25. 

The first information medium 23 represents a 
prospective optical disk having a high density mem- 
ory capacity, and the thickness T1 of the first infor- 
mation medium 23 ranges from 0.4 mm to 0.8 mm. 
The second information medium 25 represents a 
compact disk or a laser disk appearing on the market 
now, and the thickness T2 of the second information 



medium 25 is about 1 .2 mm. 

The term "convergence" denotes in this speaf h 
catton that divergent light or collimated light is fo- 
cused to form a diffraction-limited micro spot 
5 In the above configuration, a part of incident light 

L3 collimated transmits through the hologram lens 26 
without any diffraction, and a beam of transmitted 
light L4 (that is. a beam of zero-order diffracted light 
L4) is formed. Thereafter, the transmitted light L4 is 
f o converged by the objective lens 27. Also, a remaining 
part of the incident light L3 is diffracted and refracted 
by the hologram lens 26. and a beam of first-order dif- 
fracted light L5 is formed. In this case, the hologram 
lens 26 selectively functions as a concave lens for the 
75 first-order diffracted light L5. so that the first-order 
diffracted light L5 diverges from the hologram lens 
26. Thereafter, the first-order diffracted light L5 is 
converged by the objective lens 27. 

In cases where the thin type of f irst information 
20 medium 23 is utilized to record or reproduce pieces 
of information on or from a front surface of the me- 
dium 23. as shown in Fig. 4A, the transmitted light L4 
is incident on a rear surface of the first information 
medium 23 and is focused on its front surface by the 
25 objective lens 27 to form a diffraction-limited con- 
verging spot S1 on the f irst information medium 23. 
In contrast, in cases where the thick type of second 
information medium 25 is utilized to record or repro- 
duce pieces of information on or from a front surface 
3 o of the medium 25, the diffracted light L5 is incident on 
a rear surface of the second information medium 25 
and is focused on its front surface to form a diffrac- 
tion-limited converging spot S2 on the second infor- 
mation medium 25. Because the hologram lens 26 
3S functions as a concave lens to diverge the f irst-order 
diffracted light L5, the diffraction-limited converging 
spots S1, S2 are formed even though the thickness 
T1 of the first information medium 23 differs from the 
thickness T2 of the second information medium 25. 
40 Therefore, a compound objective lens 29 composed 
of the hologram lens 26 and the objective lens 27 has 
substantially two focal points. 

As shown in Fig. 5, the hologram lens 26 is 
formed by drawing a grating pattern P1 in a pattern 
45 region 26Aof a transparent substrate 28 m a concen- 
tric circle shape. The pattern region 26Ais positioned 
in a center portion of the transparent substrate 28, 
and a no-pattern region 26B is positioned in a periph- 
eral portion of the transparent substrate 28 to sur- 
50 round the pattern region 26A. An optical axis of the 
imaging optical system 21 passes through a central 
point of the grating pattern P1 and a central axis of 
the objective lens 27. 

In addition, as shown in Fig. 6, the grating pattern 
55 P1 of the hologram lens 26 is formed in relief to pro- 
duce a phase modulation type of hologram lens. That 
is blocks which each are composed of a bottom por- 
tion and a top portion are concentrically formed in the 
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grating pattern P1. The height H of the relief in the 
grating pattern P1 is set to: 

H < X/(n(X) - 1). 0) 
where the symbol X. denotes a wavelength of the in- 
cident light L3 and the symbol n(X) denotes a refrac- 
tive index of the transparent substrate 28 for the in- 
cident light L3. In this case, a difference in phase 
modulation degree between the incident light L3 
transmitting through a bottom portion of the grating 
pattern P1 and the incident light L3 transmitting 
through a top portion of the grating pattern P1 is low- 
er than 2n radians. Therefore, a diffraction efficiency 
of the hologram lens 26 for the incident light L3 trans- 
mitting through the grating pattern P1 is less than 
100 % to generate the light L4 transmitting through 
the grating pattern P1. Also, the incident light L3 
transmitting through the no-pattern region 26B is not 
diffracted. As a result, the intensity of the transmitted 
light L4 can be sufficient to record or reproduce 
pieces of information on or from the first information 
medium 23. 

Also, because the intensity of the transmitted 
light L4 is sufficient over the entire surface of the ho- 
logram lens 26 t secondary maxima (side lobes) of the 
transmitted light L4 undesirably occurring in the con- 
verging spot S1 can be suppressed. In detail, as an 
intensity distribution of the transmitted light L4 con- 
verged on the converging spot S1 is shown in Fig. 7, 
a primary maximum (a main lobe) of the transmitted 
light L4 positioned in a center of the converging spot 
S1 Is utilized to record or reproduce a piece of infor- 
mation on or from the first information medium 23, 
and secondary maxima positioned around the pri- 
mary maximum are unnecessary because the sec- 
ondary maxima deteriorate a recording pit or a repro- 
ducing signal formed by the primary maximum. 

The grating pattern P1 of hologram lens 26 
formed in relief is blazed as shown in Fig. 6, so that 
the occurrence of minus first-order diffracted light is 
considerably suppressed. Therefore, the intensity 
sum of the transmitted light L4 and the f irst-order dif- 
fracted light L5 is maximized. In other words, a utili- 
zation efficiency of the incident light L3 is enhanced. 

The numerical aperture NA of the objective lens 
27 is equal to or more than 0.6. Also, when the trans- 
mitted light L4 is converged by the objective lens 27, 
the diffraction-limited converging spot S1 is formed 
on the first information medium 23 having a thickness 

T1 A diameter of the hologram lens 26 is almost the 
same as an aperture of the objective lens 27, so that 
a diameter of the pattern region 26A is smaller than 
the aperture of the objective lens 27. Because the in- 
cident light L3 transmitting through the no-pattern re- 
gion 26B is not diffracted, not only the light L4 trans- 
mitting through the pattern region 26A but also the 
light L4 transmitting through the no-pattern region 
26B are converged on the first information medium 



23 by the objective lens 27 having a high numerical 
aperture. Therefore, the intensity of the transmitted 
light L4 converged at the converging point S1 can be 
increased. In contrast to the transmitted light L4. only 
5 the incident light L3 transmitting through the pattern 
region 26A of the hologram lens 26 is changed to the 
first-order diffracted light L5. and the first-order dif- 
fracted light L5 is converged on the second informa- 
tion medium 25 by the objective lens 27 having sub- 
to stantially a low numerical aperture. 

The phase of the light L4 transmitting through the 
grating pattern P1 of the pattern region 26Ais deter- 
mined by an average value of the phase modulation 
degrees in the light L4 transmitting through the bol- 
ts torn and top portions of the grating pattern P1 . In con- 
trast, because the height of the no-pattern region 26B 
is constant, the phase of the light L4 transmitting 
through the no-pattern region 26B is modulated at a 
phase modulation degree. Therefore, as shown in 
20 Fig. 6, the height of the no-pattern region 26B is set 
even with an average height of the grating pattern P1 
to enhance the convergence function of the objective 
lens 27. 

For example, as shown in Fig. 8A, in cases where 
25 each block of the grating pattern P1 in the hologram 
lens 26 shown in Fig. 6 approximates to a step-wise 
shape composed of four stairs, a first step is etched 
at a depth M*h2 and a width W1. a second step is 
etched at a depth hi and a width W2, a third step is 
so etched at a depth h2 and a width W2, and a fourth 
step is etched at a width W1. Therefore, the grating 
pattern P1 approximating to the step-wise shape is 
formed in the pattern region 26A. Thereafter, a per- 
ipheral portion of the transparent substrate 28 is 
35 etched by a depth h 1 or h2 to form the no-pattern re- 
gion 26B. Therefore, the height of the no-pattern re- 
gion 26B is almost the same as an average height of 
the pattern region 26A, so that the phase of the light 
L4 transmitting through the pattern region 26A is al- 
40 most the same as that of the light L4 transmitting 
through the no-pattern region 26B. 

In addition, as shown in Fig. 8B. an ideal blazed 
shape of the hologram lens 26 shown in Fig. 6 cart ap- 
proximate to a step-wise shape which is obtained by 
45 etching a center portion of the transparent substrate 
28 many times. In this case, the height HO of the step- 
wise shape is set to satisfy an equation HO < W(n(X)- 
1) so that the difference in phase modulation degree 
is set to a value lower than 2n radians. Specifically, 
so in cases where the step-wise shape of the hologram 
lens 26 is composed of a flight of N stairs having the 
same difference n c in level, the difference rio in level 
is set to satisfy an equation no < X7{(n(X)-1 )*N) to set 
the difference in phase modulation degree of each 
55 stairs to a value lower than 2*/N radians. A peripheral 
portion of the transparent substrate 28 is etched to 
set the thickness of the no-pattern region 26B to a 
thickness of the pattern region 26A at one of the N 
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stairs which is not the top stair or the 
Therefore, the height of the no-pattern region 26B is 
almost the same as an average height of the pattern 
region 26A. so that the phase of the light L4 transmu- 
ting through the pattern region 26A » almo* t the 
same as that of the light L4 transmitting through the 
no-pattern region 26B. 

The grating pattern P1 of the hologram lens 26 is 
designed to correct any aberration occurnng in the 
objective lens 27 and the second information medium 
25 so that the first-order diffrected light L5 transmits 
through the second information medium 25 having a 
thickness T2 and is converged on the ™*um 2 5 to 
form the diffraction-limited converging spot S2 with- 
out any aberration. A method for designing the holo- 
gram lens 26 having an aberration correcting func- 
tion is described. , 

After the first-order diffracted light L5 is con- 
verged on the second information medium 25 sphe- 
rical waves diverge from the converging spot S2 and 
transmit through the second substrate 24 and the ob- 
jective lens 27. Thereafter, the spherical wavestrans- 
mit through the transparent substrate 28 and optically 
interfere with the incident light L3. Therefore, an inter- 
ference pattern is formed by the ™*«*'*™» t *X 
tween the spherical waves and the incident light L3. 
The interference pattern can be calculated by sub- 
tracting the phase of the spherical waves from an in- 
verted phase obtained by Inverting the phase of the 
Incident light L3. Accordingly, the grating pattern P1 
of the hologram lens 26 which agrees with the inter- 
ference pattern calculated can be easily formed ac- 
cording to a computer generated hologram technique. 

Accordingly, because the compound objective 
lens 29 is composed of the objective lens 27 and I the 
hologram lens 26 in which a part of the .ncident light 
L3 is diffracted and refracted, a diffraction-limited 
converging spot can be reliably formed on an informa- 
tion medium regardless of whether the information 
medium has a thickness T1 or e thickness T2. Ateo, 
two diffraction-limited converging spots can be si- 
multaneously formed on an information medium at 
difference depths. In other words, the compound ob- 
jective lens has substantially two focal points. 

Also, because the diffraction efficiency of the ho- 
logram lens 26 is less than 100 % and the intensity of 
the light U transmitting through the hologram lens 26 
is sufficient to record or reproduce information on or 
from the first information medium 23. the secondary 
maxima of the transmitted light L4 converged on the 
converging spot S1 can be suppressed. 

Also because the hotogram lens 26 is blazed, tne 
ocwrrenceofrrtnusfirst-wderdiffractedlightcanbe 
considerably suppressed. Therefore, the intensity 
sum of the transmitted light L4 and the first-order dif- 
fracted light L5 can be maximized, and a utilization 
efficiency of the incident light L3 can be enhanced. 
Also because the hologram lens 26 functions as 



a lens only fbrthe first-order d'"™*^"^?^ 
ition of the converging point S1 formed by the trans- 
mitted light L4 differs from that of the converging 
point S2 formed by the first-order diffracted light L5 
s inanoptical axis direction. Therefore, when the trans- 
mitted llghtL4 is converged infocuson an information 
recording plane of the information medium 23 to re- 
cord or read a piece of information, the f irst-order dif- 
fracted light L5 converged on the information medium 
,o 23 is out of focus at the information recording plane^ 
in the same manner, when the first-order drffracted 
light L5 is converged in focus on en information re- 
cording plane of the information medium 25, the 
transmitted light L4 converged on the infcrmat»n 
, s medium 25 is out of focus at the information re<»rd.ng 
plane. Accordingly, when the light L4 (or U5) is con- 
verged on the converging spot S1 (or S2) in focus to 
record or read the information, the light L5 (or L4) not 
converged on the converging spot S1 (or S2) in focus 
20 does not adversely influence on the recording or 
reading of the informat ion. To reliably prevent the ad- 
verse influence on the recording or reading of the in- 
formation, a difference in the optical axis direction 
between the converging spots 81. S2 is required I to 
2S be equal to or more than 50 pm. That is. when the dif- 
ference is equal to or more than 50 um, the light L5 
(or L4) largely diverges to reduce the Intensity of the 
light L5 (or L4) at an information recording plane 
when the light L4 (or L5) is converged on the corrverg- 
30 ing spot S1 (or S2) of the Information recording plane 
at a high Intensity. 

Also, because the thickness T2 of the second in- 
formation medium 25 representing the compact d.sk 
or the laser disk is about 1. 2 mm and because the 
35 thickness T1 of the first information medium 23 rep- 
resenting a prospective optical disk ranges from 0.4 
mm to 0.8 mm, the difference in the optical axe direc- 
tion between the converging points 81. S2 « required 
to be equal to or less than 1 .0 mm by considering a 
40 moving range of an actuator with which the positton 
of the compound objective lens 29 composed of the 
objective lens 27 and the hologram lens 26 is adjust- 
ed according to a focus servo signal. Because the ho- 
logram lens 26 functions as a concave lens for the 
45 first-order diffracted light, the difference between 
the converging points S1. S2 can be increased to 

ab °Accordingly. even though the transmitted light L4 
and the first-order diffracted light L5 are simultane- 
so ously converged by the objedive tens 27. no adverse 
influence is exerted on the recording or reproduction 
of the Information on condition that the difference be- 
tween the converging points S1. S2 ranges from 50 

□m to 1 mm. , 
55 Examples of the utilization of the imaging optical 

system 21 for various types of optical disks are de- 

SCnt m K, cases where the image optical system 21 is 
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utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk and a thick type of compact disk are ex- 
clusively reproduced, the diffraction efficiency of the 
hologram lens 26 for changing the incident light L3 to 
the diffracted light L5 is set in a range from about 20 
% to 70 %. In this case, the intensity of the transmit- 
ted light L4 converged on the high density optical disk 
is almost the same as that of the first-order diffracted 
light L5 converged on the compact disk. Therefore, 
the output power of the incident light L3 can be mini- 
mized. 

Also, in cases where the image optical system 21 
is utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk are recorded or reproduced and pieces of 
information recorded in a thick type of optical disk are 
exclusively reproduced, the diffraction efficiency of 
the hologram lens 26 for changing the incident light L3 
to the first-order diffracted light L5 is set to a value 
equal to or lower than 30 %. In this case, even though 
a high intensity of transmitted light L4 is required to 
record a piece of information on the high density opt- 
ical disk, the recording of the information can be reli- 
ably performed without increasing the intensity of the 
incident light L3 because a transmission efficiency of 
the hologram lens 26 for the incident light L3 is high. 
In other words, a utilization eff iciency of the incident 
light L3 can be enhanced when a piece of information 
is recorded on the high density optical disk, so that 
the output power of the incident light U3 can be mini- 
mized. 

In the first embodiment, the hologram lens 26 
functions as a concave lens for the first-order dif- 
fracted light L5. However, it is applicable that a holo- 
gram lens 26M functioning as a convex lens for the 
first-order diffracted light L5 be utilized in place of the 
hologram lens 26. That is, as shown in Figs. 9A, 9B, 
the diffracted light U5 is converged on the first infor- 
mation medium 23 by the objective lens 27 to form 
the diffraction limited converging spot S1, and the 
transmitted light L4 is converged on the second infor- 
mation medium 25 by the objective lens 27 to form 
the diffraction limited converging spot S2. In this 
case, the difference between the converging points 
S1, S2 is required to be equal to or less than 0.5 mm 
by considering the moving range of the actuator How- 
ever the occurrence of a chromatic aberration can be 
prevented in an imaging optical system 21 M in which 
the hologram lens 26M functioning as a concave lens 
for the diffracted light L5 is utilized. The achromati- 
zation function in the imaging optical system is de- 
scribed in detail. 

When a focal length of the hologram lens 26M for 
the incident light L3 having a wavelength is repre- 
sented by Tho and another focal length of the holo- 
gram lens 26M for the incident light L3 having a wa- 
velength X* »s represented by f M , an equation (2) is 



satisfied. 

f H i = f ko x (2) 
The focal length f H of the hologram lens 22 is 
shortened as the wavelength A of the incident light L3 
5 becomes longer. Also, when a refractive index of the 
objective lens 27 for the incident light L3 having a wa- 
velength Xo is represented by n(Xo) and another re- 
fractive index of the objective lens 27 for the incident 
light L3 having a wavelength X< is represented by n(X<), 
to a focal length f D (X) of the objective lens 27 for the in- 
cident light L3 having a wavelength X is formulated by 
an equation (3). 

WW 55 f o(*o) * WM ' 1 VWM ' 1 > <3) m 
The focal length f 0 (X) of the objective lens 27 is 
is lengthened as the wavelength X of the incident light 
L3 becomes longer. That is, the dependence of the fo- 
cal length f D (X) on the wavelength X in the objective 
lens 27 is opposite to that of the focal length f H on the 
wavelength X in the hologram lens 26M. Therefore, a 
20 condition thatthe compound objective lens 29M com- 
posed of the objective lens 27 and the hologram lens 
26M functions as an achromatic lens is formulated by 
an equation (4). 

1/fHO * 11M c 1/f w ™ 0 {X) 
25 = Who x Xq/ W ♦ 

(nM - WiUXo) x (n(Xo) - 1» W 
Accordingly, because the dependence of the fo- 
cal length f D (X) on the wavelength A in the objective 
lens 27 is opposite to that in the hologram lens 22, the 
30 compound objective lens 29M having an achromatic 
function can be formed by the combination of the 
lenses 26M, 27, and the occurrence of the chromatic 
aberration can be prevented. Also, even though the 
equation (4) is not strictly satisfied, the occurrence of 
35 the chromatic aberration can be largely suppressed. 

Also, a curvature of the objective lens 27 can be 
small because the hologram lens 26M functions as a 
convex lens for the first-order diffracted light L5. 
Also, because the hologram lens 26M is a plane type 
40 of element, a lightweight type of compound objective 
lens having an achromatic function can be made in 
large scale manufacture. A principal of the achroma- 
tization has been proposed in a first literature (D. Fa- 
klis and M. Morris, Photonics Spectra(1991), Novem- 
45 ber p.205 & December p.131), a second literature 
(M.A. Gan et ai., S.P.I.E.(1991). Vol.1507, p.116), and 
a third literature (P. Twardowski and P. Meirueis, 
S.P.I.E.(1991), Vol.1507, p.55). 



so (Second Embodiment) 

Fig. 10A is a constitutional view of an imaging 
optical system having a compound objective lens ac- 
cording to a second embodiment of the present inven- 
55 tion, a beam of transmitted light not diffracted being 
converged on a thin type of information medium. Fig. 
10B is a constitutional view of the imaging optical 
system shown in Fig. 10A, a beam of first-order dif- 
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fracted light being converged on a thick type of infor- 
mation medium. 

As shown in Figs. 10A, 10B, an imaging optical 
system 31 for converging light on the f irst substrate 

22 of the first information medium 23 (the thickness 
T1) or the second substrate 24 of the second informa- 
tion medium 25 (the thickness T2) to form a diffrac- 
tion-limited converging spot, comprises a blazed ho- 
logram lens 32 for transmitting a part of incident light 
L3 without any diffraction to form a beam of transmit- 
ted light L4 and diffracting a remaining part of inci- 
dent light L3 to form a beam of first-order diffracted 
light L5, and the objective lens 27 for converging the 
transmitted light L4 on the first information medium 

23 or converging the first-order diffracted light L5 on 
the second information medium 25. 

The hologram lens 32 is formed by drawing a 
grating pattern P2 in a pattern region 32A of the 
transparent substrate 28 in a concentric circle shape. 
The pattern region 32A is positioned in a center por- 
tion of the transparent substrate 28. An diameter of 
the grating pattern P2 is equal to or larger than an 
aperture of the objective lens 27. Also, a diffraction 
efficiency of the hologram lens 32 for the incident light 
L3 transmitting through the grating pattern P2 is less 
than 1 00 % in the same manner as in the first embodi- 
ment, so that the intensity of the transmitted light L4 
is sufficient to record or reproduce a piece of informa- 
tion on or from the first information medium 23. 

In addition, as shown In Fig. 11, the diffraction ef- 
ficiency in a central portion of the pattern region 32A 
is high, and the diffraction efficiency is gradually de- 
creased toward an outer direction of the pattern re- 
gion 32A. In other words, in cases where the grating 
pattern P2 of the hologram lens 32 is formed in relief, 
the height H of the relief in the grating pattern P2 is 
gradually lowered toward the outer direction of the 
pattern region 32A. Or, in cases where on idea! 
blazed shape of the hologram lens 26 approximates 
to a step-wise shape, each block of the grating pat- 
tern P2 positioned in the central portion of the trans- 
parent substrate 28 is formed in a step-wise shape 
shown in Fig. 12A in which an inclined angle 9, of 
stairs is large and a relationship W1>W2 between a 
first etching width W1 and a second etching width W2 
is satisfied, and the grating pattern P2 formed in the 
step-wise shape shown in Fig. 12A is gradually 
changed by decreasing the first etching width W1 and 
increasing the second etching width W2 toward the 
outer direction of the pattern region 32A while the 
height H of the grating pattern P2 is gradually de- 
creased. Therefore, each block of the grating pattern 
P2 positioned in a peripheral portion of the transpar- 
ent substrate 28 is formed in a step-wise shape 
shown in Fig. 12B in which an inclined angle 8 2 of 
stairs is small and a relationship W1 <W2 between the 
etching widths is satisfied. Also, each block of the 
grating pattern P2 positioned in a middle portion be- 



tween the central and peripheral portions is formed 
in a step-wise shape shown in Fig. 12C in which the 
etching widths W1. W2 Is the same. 

In the above configuration of the imaging optical 
5 system 31, a part of the incident light L3 transmits 
through the hologram lens 32 without any diffraction 
to form a beam of transmitted light L4, and the trans- 
mitted light L4 is converged by the objective lens 27. 
Also, a remaining part of the incident Tight L3 is dif- 
10 fracted and refracted by the hologram lens 32. In this 
case, the hologram lens 32 functions as a concave 
lens for the incident light L3, so that a first-order dif- 
fracted light L5 diverges from the hologram lens 32. 
Thereafter, the first-order diffracted light L5 is con- 
15 verged by the objective lens 27. 

In cases where the thin type of first information 
medium 23 is utilized to record or reproduce pieces 
of information on or from a front surface of the me- 
dium 23, as shown in Fig. 10A, the transmitted light 
20 L4 is incident on a rear surface of the first information 
medium 23 and is focused on its front surface by the 
objective lens 27 to form a diffraction-limited con- 
verging spot S3 on the first information medium 23. 
In this case, because the diffraction efficiency in the 
25 central portion of the grating pattern P2 is high and 
because the diffraction efficiency is gradually de- 
creased toward the outer direction of the grating pat- 
tern P2, a diffraction probability of the incident light 
L3 is lowered in the peripheral portion of the grating 
30 pattern P2. Therefore, the light L4 transmits through 
the objective lens 27 on condition that the numerical 
aperture NA of the objective lens 27 is high. 

In contrast, in cases where the thick type of sec- 
ond information medium 25 is utilized to record or re- 
35 produce pieces of information on or from a front sur- 
face of the medium 25, the diffracted light L5 is inci- 
dent on a rear surface of the second information me- 
dium 25 and is focused on its front surface to form a 
dif fraction-limited converging spot S5 on the second 
40 information medium 25. In this case, because the ho- 
logram lens 32 functions as a concave lens to diverge 
the first-order diffracted light L5, the diffraction-lim- 
ited converging spots S3, S4 are formed even though 
the thickness T1 of the first information medium 23 
45 differs from the thickness T2 of the second informa- 
tion medium 25. Therefore, a compound objective 
lens 34 composed of the hologram lens 32 and the ob- 
jective lens 27 has substantially two focal points. 
Accordingly, because the light L4 transmits 
so through the objective lens 27 on condition that the nu- 
merical aperture NA of the objective lens 27 is high, 
the intensity of the transmitted light L4 converged on 
the f irst information medium 23 can be high. 

Also, in cases where the incident light L3 is radi- 
55 ated from a semiconductor laser, a far field pattern of 
the incident light L3 is distributed in a Gaussian dis- 
tribution as shown in Fig. 13A. Therefore, because 
the diffraction efficiency is gradually decreased to- 
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ward the outer direction of the grating pattern P2, a 
far field pattern of the transmitted light L4 is distrib- 
uted in a gently-sloping shape as shown in Fig. 13B. 
In contrast to the second embodiment, because the 
incident light L3 is not diffracted in the no-pattern re- 
gion 26b of the hologram lens 26 in the first embodi- 
ment, the intensity of the transmitted light L4 is sud- 
denly increased at the peripheral portion of the holo- 
gram lens 26. 

Accordingly, secondary maxima of the transmit- 
ted light L4 converged on the converging spot S3 can 
be moreover suppressed in the second embodiment 
as compared with in the first embodiment That is, the 
recording and reproducing of the information can be 
performed without any deterioration of the informa- 
tion by utilizing the imaging optical system 31. 

In addition, in cases where the first-order dif- 
fracted light L5 is converged on the second informa- 
tion medium 25 to form the diffraction-limited con- 
verging spot S4, a numerical aperture of the objective 
lens 27 for the first-order diffracted light L5 is low be- 
cause the diffraction efficiency of the hologram lens 
32 is decreased toward an outer direction of the pat- 
tern region 32A. As a result, the intensity of the f irst- 
order diffracted light L5 becomes lowered. In cases 
where the diffraction efficiency of the hologram lens 
32 is heightened to increase the intensity of the first- 
order diffracted light L5, the intensity of the transmit- 
ted light L4 at Us Inner beam portion is largely de- 
creased, and secondary maxima (or side lobes) of the 
transmitted light L4 at the converging spot S3 Is un- 
desirably increased. Therefore, the incident light L3of 
which the far field pattern is distributed in the Gaus- 
sian distribution is radiated to the hologram lens 32 to 
increase the intensity of the first-order diffracted light 
L5 without any increase of the second maxima. In de- 
tail, as shown in Fig. 14A, the incident light L3 distrib- 
uted not only in a central portion of the Gaussian dis- 
tribution but also in a peripheral portion of the Gaus- 
sian distribution transmits through the hologram lens 
32 and is refracted by the objective lens 27 because 
the diameter of the grating pattern P2 is equal to or 
larger than the aperture of the objective lens 27. 
Therefore, a numerical aperture NA of the objective 
lens 27 at a light source side for the incident light L3 
becomes higher than that in the first embodiment, 
and the diffraction efficiency of the hologram lens 32 
is heightened. As a result the intensity of the first- 
order diffracted light L5 converged on the second in- 
formation medium 25 can be increased, as shown in 
Fig. 14B. Also, because the intensity of the incident 
light L3 at the peripheral portion of the Gaussian dis- 
tribution is low and because the diffraction efficiency 
of the hologram lens 32 is increased toward the inner 
direction of the grating pattern region 32A, intensity 
of the transmitted light L4 is distributed in a gently- 
sloping shape as shown in Fig. 14C. Accordingly, sec- 
ondary maxima of the transmitted light L4 at the con- 



verging spot S3 can be suppressed. 

Examples of the utilization of the imaging optical 
system 31 for various types of optical disks are de- 
scribed. 

5 In cases where the image optical system 31 is 

utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk and a thick type of compact disk are ex- 
clusively reproduced, the diffraction efficiency of the 
10 hologram lens 32 for the incident light L3 is set in a 
range from about 20 % to 70 %. In this case, the in- 
tensity of the transmitted light L4 converged on the 
high density optical disk is almost the same as that of 
the first-order diffracted light L5 converged on the 
is compact disk. Therefore, the output power of the in- 
cident light L3 can be minimized. 

Also, in cases where the image optical system 31 
is utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
20 optical disk are recorded or reproduced and pieces of 
information recorded in a thick type of optical disk are 
exclusively reproduced, the diffraction efficiency of 
the hologram lens 32 for the incident light L3 is set to 
a value equal to or lower than 30 %. In this case, even 
25 though a high intensity of transmitted light L4 is re- 
quired to record a piece of Information on the high 
density optical disk, the recording of the information 
can be reliably performed without increasing the in- 
tensity of the incident light L3 because a transmission 
30 efficiency of the hologram lens 32 forthe incident light 
L3 is high. In other words, a utilization efficiency of 
the incident light L3 can be enhanced when a piece 
of information is recorded on the high density optical 
disk, so that the output power of the incident light L3 
35 can be minimized. 

In the second embodiment, the grating pattern 
P2 positioned in the central portion of the transparent 
substrate 28 is gradually changed toward the outer di- 
rection of the pattern region 32A from the step-wise 
40 shape shown in Fig. 12A to the step-wise shape 
shown in Fig. 1 2B through the step-wise shape shown 
in Fig. 12C. However, because the occurrence of un- i 
necessary diffracted light such as minus first-order ; 
diffracted light can be effectively prevented in the 
45 middle portion of the transparent substrate 28 in 
which the grating pattern P2 is formed in the step- 
wise shape shown in Fig. 12C, it is preferred that the 
middle portion occupy a large part of the pattern re- 
gion 32A of the hologram lens 32. In this case, the in- 
50 tensity sum of the transmitted light L4 and the first- 
order diffracted light L5 can be maximized, so that a 
utilization efficiency of the incident light L3 can be en- 
hanced. 

Also, because the first etching width W1 of the 
55 grating pattern P2 is gradually decreased toward the 
outer direction of the pattern region 32A, it is applica- 
ble that the grating pattern P2 formed in the step- 
wise shape shown in Fig. 12B be changed to a step- 
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wise shape shown in Fig. 12D when the first width W1 
is decreased to a value lower than about 1 urn. That 
is. a flight of four stairs shown in Fig. 12B is changed 
to a flight of two stairs. In this case, the grating pat- 
tern P2 formed in the step-wise shape shown in Fig. 
12D can be easily made. In addition, in cases where 
a height H4 of the grating pattern P2 formed in the 
step-wise shape shown in Fig. 12D is moreover de- 
creased toward the outer direction of the pattern re- 
gion 32A, it is preferred that the grating pattern P2 be 
formed in a step-wise shape shown in Fig. 12E. That 
is, a third etching width W3 Is gradually decreased to- 
ward the outer direction of the pattern region 32A 
while decreasing a height H5 of the grating pattern 
P2. Therefore, the diffraction efficiency of the holo- 
gram lens 32 can be gradually decreased toward the 
outer direction of the pattern region 32A without any 
manufacturing difficulty of the grating pattern P2. 

In addition, as shown in Fig. 15A, it is applicable 
that a hologram lens 33 be formed, in place of the ho- 
logram lens 32, by placing the grating pattern P1 of 
the pattern region 32A in a central portion of the 
transparent substrate 28 and placing four types of dif- 
fraction regions 33A, 33B, 33C and 33D which sur- 
round the grating pattern P1. A part of the incident 
light L3 transmitting through each of the diffraction 
regions 33A to 33D is diffracted to control a transmis- 
sion efficiency of the hologram lens 33. In this case, 
the intensity of the transmitted light L4 at its periph- 
eral portion is decreased, so that secondary maxima 
occurring In the converging spot S3 can be sup- 
pressed. Also, it is applicable that the grating pattern 
P1 of the hologram be replaced with the grating pat- 
tern P2. Also, it is applicable that grating directions of 
the diffraction regions 33A to 33D differ from each 
other. In this case, even though the first-order dif- 
fracted light L5 diffracted in the diffraction region 33A 
Is, for example, incident on the diffraction region 33c 
after the diffracted light L5 is reflected by the second 
information medium 25, the diffracted light L5 again 
diffracted in the diffraction region 33c does not pass 
in parallel to the optical axis. Therefore, in cases 
where a piece of information read from the second in- 
formation medium 25 is detected in a detector to re- 
produce the information, the first-order diffracted 
light L5 diffracted in the diffraction regions 33A to 
3 3D is not detected by the detector as stray light Ac- 
cordingly, the reproduction of the information does 
not deteriorate. 

Also, as shown in Fig. 1 5B. it is applicable that the 
hologram lens 32 function as a convex lens. In this 
case, the diffracted light L5 is converged on the first 
information medium 23, and the transmitted light L4 
is converged on the second information medium 25. 
as shown in Fig. 15C. 



(Third Embodiment) 

Fig. 16A is a constitutional view of an imaging 
optical system having a compound objective lens ac- 
5 cording to a third embodiment of the present inven- 
tion, a beam of first-order diffracted light being con- 
verged on a thin type of information medium. Fig. 16B 
is a constitutional view of the imaging optical system 
shown in Fig. 16A, a beam of transmitted light not dif- 
w fracted being converged on a thick type of informa- 
tion medium. 

As shown in Figs. 16A, 16B, an imaging optical 
system 41 for converging light on the first substrate 
22 of the f irst information medium 23 (the thickness 
is T1) or the second substrate 24 of the second informa- 
tion medium 25 (the thickness T2) to form a diffrac- 
tion-limited converging spot comprises a blazed ho- 
logram lens 42 for transmitting a part of incident light 
L3 without any diffraction to form a beam of transmit- 
20 ted light L4 and diffracting a remaining part of inci- 
dent light L3 to form a beam of first-order diffracted 
light L6, and the objective lens 27 for converging the 
first-order diffracted light L6 on the first information 
medium 23 or converging the transmitted light L4 on 
25 the second information medium 25. 

The hologram lens 42 is formed by drawing a 
grating pattern P3 in a pattern region 42A of the 
transparent substrate 28 in a concentric circle shape. 
The pattern region 42A is positioned in a center por- 
30 tion of the transparent substrate 28. An diameter of 
the grating pattern P3 is equal to or larger than an 
aperture of the objective lens 27. Also, a diffraction 
efficiency of the hologram lens 42 for the incident light 
L3 transmitting through the grating pattern P3 is less 
35 than 100 % in the same manner as in the first embodi- 
ment, so that the intensity of the transmitted light L4 
is sufficient to record or reproduce a piece of informa- 
tion on or from the second information medium 25. 
In addition, as shown in Fig. 17, the diffraction 
40 efficiency of the hologram lens 42 is high in a periph- 
eral portion of the pattern region 42A, and the diffrac- 
tion efficiency is gradually decreased toward an inner 
direction of the pattern region 42A. In other words, in 
cases where the grating pattern P3 of the hologram 
45 lens 42 is formed in relief, the height H of the relief in 
the grating pattern P3 is gradually lowered toward the 
inner direction of the pattern region 42A. Or. in cases 
where an ideal blazed shape of the hologram lens 26 
approximates to a step-wise shape, each pitch of the 
50 grating pattern P3 positioned in the peripheral por- 
tion of the transparent substrate 28 is formed in a 
step-wise shape shown in Fig. 12A in which the in- 
clined angle 8 n of stairs is large and the relationship 
W1>W2 between the first and second etching widths 
55 W1. W2 is satisfied, and the grating pattern P3 
formed in the step-wise shape shown in Fig. 12A is 
gradually changed by decreasing the first etching 
width W1 and increasing the second etching width W2 
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toward the inner direction of the pattern region 42A 
while the height H of the grating pattern P3 is gradu- 
ally decreased. Therefore, each pitch of the grating 
pattern P3 positioned in a central portion of the trans- 
parent substrate 28 Is formed in a step-wise shape 
shown in Fig. 12B in which the inclined angle 9 2 of 
stairs is small and the relationship WKW2 is satis- 
fied. Also, each pitch of the grating pattern P3 posi- 
tioned in a middle portion between the central and 
peripheral portions is formed in a step-wise shape 
shown in Fig. 1 2C in which the etching widths W1 , W2 
is the same. 

In the above configuration of the imaging optical 
system 41, as shown in Fig. 16B, a part of the incident 
light L3 transmits through the hologram lens 42 with- 
out any diffraction to form a beam of transmitted light 
L4, and the transmitted light L4 is converged by the 
objective lens 27. Also, a remaining part of the inci- 
dent light L3 is diffracted by the hologram lens 42 to 
form a beam of first-order diffracted light L6. In this 
case, the hologram lens 42 functions as a convex 
lens for the incident light L3. so that a f irst-order dif- 
fracted light L6 formed in the hologram lens 42 con- 
verges. Thereafter, the diffracted light L6 is con- 
verged by the objective lens 27. 

In cases where the thin type of first information 
medium 23 is utilized to record or reproduce pieces 
of information on or from a front surface of the me- 
dium 23, as shown In Fig. 16A, the diffracted light L6 
Is incident on a rear surface of the first information 
medium 23 and is focused on its front surface to form 
a diffraction-limited converging spot S5 on the first 
Information medium 23. In contrast, in cases where 
the thick type of second information medium 25 is 
utilized to record or reproduce pieces of information 
on or from a front surface of the medium 25, the trans- 
mitted light L4 is incident on a rear surface of the sec- 
ond information medium 25 and is focused on its front 
surface to form a diffract ton-limited converging spot 
S6 on the second information medium 25. 

In this case, because the hologram lens 42 func- 
tions as a convex lens to converge the diffracted light 
L6, the diffraction-limited converging spots S5, S6 
are formed even though the thickness T1 of the first 
information medium 23 differs from the thickness T2 
of the second information medium 25. Therefore, a 
compound objective lens 43 composed of the holo- 
gram lens 42 and the objective lens 27 has substan- 
tially two focal points. 

Also, because the hologram lens 42 functions as 
a convex lens for the diffracted light L6. the diffracted 
light L6 transmits through the objective lens 27 on 
condition that the numerical aperture NA of the objec- 
tive lens 27 is substantially high. 

In addition, because the diffraction efficiency in 
the peripheral portion of the grating pattern P3 is high 
and because the diffraction efficiency is gradually 
decreased toward the inner direction of the grating 



pattern P3. a diffraction probability of the incident 
light L3 is higher in the peripheral portion of the grat- 
ing pattern P3. 

The grating pattern P3 of the hologram lens 42 is 
5 designed to correct any aberration occurring in the 
objective lens 27 and the first information medium 
23, so that the diffracted light L6 transmits through 
the first information medium 23 having the thickness 
T1 and is converged on the medium 23 to form the dit- 
to fraction-limited converging spot S5 without any aber- 
ration. A method for designing the hologram lens 42 
having an aberration correcting function is descri- 
bed. 

After the diffracted light L6 is converged on the 
15 first information medium 23, spherical waves diverge 
from the converging spot S5 and transmit through the 
f irst substrate 22 and the objective lens 27. There- 
after, the spherical waves transmit through the trans- 
parent substrate 28 and optically interfere with the in- 
20 cident light U3. Therefore, an interference pattern is 
formed by the interference between the spherical 
waves and the incident light L3. The interference pat- 
tern can be calculated by adding the phase of the 
spherical waves to an inverted phase obtained by in- 
25 verting the phase of the incident light L3. Accordingly, 
the grating pattern P3 of the hologram lens 42 which 
agrees with the interference pattern calculated can 
be easily formed according to a computer generated 
hologram technique. 
30 Accordingly, because the hologram lens 42 func- 

tions as a convex lens for the first-order diffracted 
light L6, a curvature of the objective lens 27 can be 
lowered. Also, a glass material having a high refrac- 
tive index is not required to produce the objective lens 
35 27. 

Also, because the first-order diffracted light L6 
formed in the hologram lens 42 converges before the 
diffracted light L6 is incident on the objective lens 27, 
the distance in an optical axis direction between the 
40 converging spots S5, S6 can be lengthened to about 
1 mm. Therefore, even though the transmitted light L4 
(or the first-order diffracted light L6) is converged on 
the converging spot S6 (or S5) in focus to record or 
read a piece of information, the light L6 (or L4) is not 
45 converged on the converging spot S6 (or S5) in focus 
to reduce the intensity of the light L6 (or L4) at the con- 
verging spot S6 (or S5). Accordingly, no adverse in- 
fluence is exerted on the recording or reproduction of 
the information 
so Also, because the hologram lens 42 functions as 

a convex lens for the first-order diffracted light L6, the 
occurrence of a chromatic aberration can be prevent- 
ed in the imaging optical system 41. In detail, the fo- 
cal length of the hologram lens 42 is shortened as the 
55 wavelength of the incident light L3 becomes longer. In 
contrast, the focal length of the objective lens 27 is 
lengthened as the wavelength of the Incident light L3 
becomes longer. That is, the dependence of the focal 
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length on the wavelength in the objective lens 27 is 
opposite to that of the focal length on the wavelength 
in the hologram lens 42. Therefore, the compound ob- 
jective lens 43 having an achromatic function can be 
formed by the combination of the lenses 27, 42, and 
the occurrence of the chromatic aberration can be 
prevented. 

Also, because the hologram lens 42 is a plane 
type of element, a lightweight type of compound ob- 
jective lens can be made in large scale manufacture. 

Also, because the diffraction efficiency of the ho- 
logram lens 42 is gradually decreased toward an Inner 
direction of the pattern region 42A, the numerical 
aperture of the objective lens 27 for the first-order 
diffracted light L6 becomes substantially enlarged. 
Therefore, the intensity of the first-order diffracted 
light L6 can be enlarged to record or reproduce a 
piece of information on or from the first information 
medium 23. 

Also, in cases where the incident light L3 is radi- 
ated from a semiconductor laser, a far field pattern of 
the incident light L3 is distributed in a Gaussian dis- 
tribution as shown in Fig. 13A. Therefore, because 
the diffraction efficiency of the hologram lens 42 is 
gradually decreased toward the inner direction of the 
grating pattern P2, a far field pattern of the first-order 
diffracted light L6 is distributed in a gently-sloping 
shape. Accordingly, secondary maxima of the first- 
order diffracted light L6 converged on the converging 
spot S5 can be moreover suppressed in the third em- 
bodiment as compared with in the first embodiment. 
That is, the recording and reproducing of the informa- 
tion can be performed without any deterioration of the 
information by utilizing the imaging optical system 
41. 

In addition, in cases where the transmitted light 
L4 is converged on the second information medium 
25 to form the diffraction-limited converging spot S6, 
a numerical aperture of the objective lens 27 for the 
transmitted light L4 is low because the diffraction ef- 
ficiency of the hologram lens 42 is increased toward 
an outer direction of the grating pattern 42A. As a re- 
sult, the intensity of the transmitted light L4 becomes 
lowered. In cases where a transmission efficiency of 
the hologram lens 42 is heightened to increase the in- 
tensity of the transmitted light L4, the intensity of the 
first-order diffracted light L6 at its inner beam portion 
is largely decreased, and secondary maxima (or side 
lobes) of the first-order diffracted light L6 at the con- 
verging spot S6 is undesirably increased. Therefore, 
the Incident light L3 of which the far field pattern is 
distributed in the Gaussian distribution ts radiated to 
the hologram lens 42 to increase the intensity of the 
transmitted light L4 without any increase of the sec- 
ond maxima. In detail, as shown in Fig. 18A, the inci- 
dent light L3 distributed in not only a central portion 
of the Gaussian distribution but also a peripheral por- 
tion of the Gaussian distribution transmits through 



the hologram tens 42 and is refracted by the objective 
lens 27 because the diameter of the grating pattern 
P3 is equal to or larger than the aperture of the ob- 
jective lens 27. Therefore, a numerical aperture NAof 

5 the objective lens 27 at a light source side for the in- 
cident light L3 becomes higher than that in the first 
embodiment, and a transmission efficiency of the ho- 
logram lens 42 is heightened. As a result, the intensity 
of the transmitted light L4 converged on the second 

w information medium 25 can be increased, as shown 
in Fig. 1 8B. Also, because the intensity of the incident 
light L3 at the peripheral portion of the Gaussian dis- 
tribution is low and because the diffraction efficiency 
of the hologram lens 42 is decreased toward the inner 

T5 direction of the grating pattern 42A, the first-order 
diffracted light L6 is distributed in a gently-sloping 
shape as shown in Fig. 18C. Accordingly, secondary 
maxima of the first-order diffracted light L6 at the 
converging spot S5 can be suppressed. 

20 Examples of the utilization of the imaging optical 

system 41 for various types of optical disks are de- 
scribed. 

In cases where the image optical system 41 is 
utilized for an optical disk device in which pieces of 
25 information recorded in a thin type of high density 
optical disk and a thick type of compact disk are ex- 
clusively reproduced, the diffraction efficiency of the 
hologram lens 42 for the incident light L3 is set in a 
range from about 20 % to 70 %. In this case, the In- 
30 tensity of the transmitted light L4 converged on the 
compact disk is almost the same as that of the first- 
order diffracted light L6 converged on the high den- 
sity opt ical disk. Therefore, the output power of the in- 
cident light L3 can be minimized. 
35 Also, in cases where the image optical system 41 

is utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk are recorded or reproduced and pieces of 
information recorded in a thick type of optical disk are 
40 exclusively reproduced, the diffraction efficiency of 
the hologram lens 42 for the incident light L3 is set to 
a value equal to or higher than 55 %. In this case, 
even though a high intensity of the first-order diffract- 
ed light L6 is required to record a piece of information 
45 on the high density optical disk, the recording of the 
information can be reliably performed without in- 
creasing the intensity of the incident light L3 because 
the diffraction efficiency of the hologram lens 42 for 
changing the incident light L3 to the first-order dif- 
50 fracted light L6 is high. In other words, a utilization ef- 
ficiency of the incident light L3 can be enhanced when 
a piece of information is recorded on the high density 
optical disk, so that the output power of the incident 
light L3 can be minimized. Also, because the diff rac- 
55 tion eff iciency of the hologram lens 42 is gradually de- 
creased toward an inner direction of the pattern re- 
gion 42A, the numerical aperture of the objective lens 
27 for the first-order diffracted light L6 becomes sub- 
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stantially enlarged. Therefore, the intensity of the 
first-order diffracted light L6 can be enlarged to re- 
cord or reproduce a piece of information on or from 
the high density optical disk. 

In the third embodiment, the grating pattern P3 
positioned in the pattern region 42A of the transpar- 
ent substrate 26 is gradually changed toward the out- 
er direction of the pattern region 42Afrom the step- 
wise shape shown in Fig. 12B to the step-wise shape 
shown in Fig. 12A through the step-wise shape shown 
in Fig. 1 2C whi le increasing the height H of the grating 
pattern P3. However, because the occurrence of un- 
necessary diffracted light such as minus first-order 
diffracted light can be effectively prevented in the 
middle portion of the transparent substrate 28 in 
which the grating pattern P3 is formed in the step- 
wise shape shown in Fig. 12C. it is preferred that the 
middle portion occupy a large part of the pattern re- 
gion 42Aof the hologram lens 42. In this case, the in- 
tensity sum of the transmitted light L4 and the first- 
order diffracted light L6 can be maximized, so that a 
utilization efficiency of the incident light L3 can be en- 
hanced. 

Also, because the first etching width W1 of the 
grating pattern P3 is gradually decreased toward the 
inner direction of the pattern region 42A, it is applica- 
ble that the grating pattern P3 formed in the step- 
wise shape shown in Fig. 12B be changed to a step- 
wise shape shown in Fig. 1 2D when the first width W1 
Is decreased to a value lower than about 1 um. In this 
case, the grating pattern P3 formed in the step-wise 
shape shown in Fig. 12D can be easily made. In ad- 
dition, in cases where a height H4 of the grating pat- 
tern P3 formed in the step-wise shape shown in Fig. 
12D is moreover decreased toward the inner direction 
of the pattern region 42A, it is preferred that the grat- 
ing pattern P3 be formed in a step-wise shape shown 
in Fig. 12E. In this case, a third etching width W3 is 
gradually decreased toward the Inner direction of the 
pattern region 42A while decreasing a height H5 of 
the grating pattern P3. Therefore, the diffraction ef- 
ficiency of the hologram lens 42 can be gradually de- 
creased toward the inner direction of the pattern re- 
gion 42A without any manufacturing diff iculty of the 
grating pattern P3. 

In the first to third embodiments of the image opt- 
ical systems 21 , 31 and 41 , the grating patterns P1 . 
P2 and P3 of the hologram lenses 26, 32 and 42 are 
respectively formed on a front side of the transparent 
substrate 28 not facing the objective lens 27. There- 
fore, a beam of light reflected at the front side of the 
transparent substrate 28 does not adversely influ- 
ence as stray light on the recording or reproduction of 
the information. In detail, because the reflected light 
is diffracted by the hologram lens, the reflected light 
is scattered. Also, even though the first-order dif- 
fracted light L5 or L6 is reflected at a reverse side of 
the transparent substrate 28, the diffracted light re- 



flected is again diffracted by the hologram lens and 
is scattered. Therefore, the light reflected at the front 
or reverse side of the hologram lens does not ad- 
versely influence on the recording or reproduction of 
5 the information. 

However, in cases where an anthreflection film 
is coated on a front side of the hologram lens 28 at 
which the grating pattern is not formed, ft is applica- 
ble that the grating patterns P1 , P2 and P3 of the ho- 
10 logram lenses 26, 32 and 42 be respectively formed 
on a reverse side of the transparent substrate 28 fac- 
ing the objective lens 27. In this case, because the 
first-order diffraction light L5. L6 is not refracted at 
the front side of the hologram lens 28, the design of 
is the image optical systems 21, 31 and 41 can be sim- 
plified. 

Also, in the first to third embodiments, the grat- 
ing patterns P1, P2and P3ofthe hologram lenses 26, 
32 and 42 are respectively formed in relief to produce 

20 a phase modulation type of hologram lens. However, 
as is described in Provisional Publication No. 
1 89504/86 (S61-189504) and Provisional Publication 
No. 241735/88 (S63-241735), the phase modulation 
type of hologram lens can be produced by utilizing a 

25 liquid crystal cell. Also, the phase modulation type of 
hologram lens can be produced by utilizing a biref rin- 
gece material such as lithium niobate. For example, 
the phase modulation type of hologram lens can be 
produced by proton-exchanging a surface part of a li- 

30 thium niobate substrate. 

(Fourth Embodiment) 

Also, in the first to third embodiments, the com- 
$5 pound objective lens 29, 34 or 43 having two focal 
points is composed of the objective lens 27 and the 
hologram lens 26, 32 or 42. However, as a compound 
objective lens according to a fourth embodiment is 
shown in Fig. 19A, it is preferred that each of the ho- 
40 logram lenses 26, 32 and 42 and the objective lens 27 
be unified with a packaging means 44 to form a com- 
pound objective lens 45 in which a relative position 
between each of the hologram lenses 26, 32 and 42 
and the objective lens 27 is fixed. In this case, the 
45 transmitted light L4 and the first-order diffracted I ight 
L5, L6 can be easily converged on the first or second 
information medium 23, 25 by adjusting the position 
of the packing means 44 with an actuator. Also, as an- 
other compound objective lens according to a modi- 
50 f ied fourth embodiment is shown in Fig. 1 9B, it is pre- 
ferred that each of the grating patterns P1 , P2 and P3 
be directly drawn on a curved side of the objective 
lens 27 facing a light source side to form a compound 
objective lens 46 in which each of the hologram lens- 
es es 26, 32 and 42 is integrally formed with the objec- 
tive lens 27. 

Accordingly, the central axis of the objective lens 
27 can always agree with that of each of the hologram 
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lenses 26, 32 and 42, so that abaxial aberrations of 
each of the hologram lenses 26, 32 and 42 such as a 
coma aberration and an astigmatic aberration occur- 
ring in the first-order diffracted light can be prevented 
in the fourth embodiment. 

{Fifth Embodiment) 

Also, as a compound objective lens according to 
a fifth embodiment is shown in Fig. 20, it is preferred 
that each of the grating patterns P1 , P2 and P3 be di- 
rectly drawn on a side of the objective lens 27 facing 
the information medium 23 or 25 to form a compound 
objective lens 47 in which each of the hologram lens- 
es 26, 32 and 42 is integrally formed with the objec- 
tive lens 27. In this case, a curvature at the side of the 
objective iens 27 can be small or in a plane shape. 
Therefore, each of the grating patterns P1 , P2 and P3 
can be made at a low cost. Also, in cases where an 
aberration is caused by tilting the hologram lens from 
the optical axis, the aberration can be prevented by 
f ixing the hologram lens and a light source of the in- 
cident light L3 on the same base. 

(Sixth Embodiment) 

An optical head apparatus with one of the com- 
pound objective lenses 29, 29M, 34, 43, 45, 46 and 
47 shown in the first to fifth embodiments is descri- 
bed with reference to Figs. 21 to 26 according to a 
sixth embodiment of the present invention. X, Y and 
Z co-ordinates shown in Figs. 21 to 26 are utilized in 
common. 

Fig. 21 is a constitutional view of an optical head 
apparatus according to a sixth embodiment. 

As shown in Fig. 21, an optical head apparatus 
51 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es a light source 52 such as a semiconductor laser for 
radiating the incident light L3, a collimator lens 53 for 
collimating the incident light L3, a beam splitter 54 for 
transmitting the incident light L3 on an outgoing opt- 
ical path and reflecting a beam of transmitted light 
L4R formed by reflecting the transmitted light L4 on 
the information medium 23 or 25 or a beam of dif- 
fracted light L5R (or L6R) formed by reflecting the dif- 
fracted light L5 (or L6) on the information medium 23 
or 25 on an incoming optical path, the compound ob- 
jective lens 29 (or 29M, 34, 43, 45, 46 or 47) com- 
posed of the hologram lens 26 (or 26M, 32, 33 or 42) 
and the objective tens 27, a converging lens 55 for 
converging the transmitted light L4R or the diffracted 
light L5R reflected by the beam splitter 54, a wave- 
front changing device 56 such as a hologram for 
changing a wavef ront of the transmitted light L4R or 
the diffracted light L5R to form a plurality of converg- 
ing spots of the transmitted light L4R or the diffracted 
light L5R, a photo detector 57 for detecting intensities 
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of the converging spots of the transmitted light L4R 
or the diffracted light L5R of which the wavef ront is 
changed by the wavef ront changing device 56 to ob- 
tain an information signal recorded on the informa- 
tion medium 23 or 25 and servo signals such as a fo- 
cus error signal and a tracking error signal, and an ac- 
tuating unit 58 for moving the compound objective 
iens composed of the hologram lens 26 and the ob- 
jective lens 27 according to the servo signals. 

In the above configuration, a beam of incident 
light L3 radiated from the light source 52 is collimated 
in the collimator lens 53 and transmits through the 
beam splitter 54. Thereafter, a part of the incident 
light L3 transmits through the compound objective 
lens 29 without any diffraction, and a remaining part 
of the incident light L3 is diffracted. 

Thereafter, in cases where a piece of information 
is recorded or reproduced on or from the first infor- 
mation medium 23, the transmitted light L4 is con- 
verged on the first information medium 23 to form the 
first converging spot S1 . That is, the transmitted light 
L4 is incident on a rear surface of the first information 
medium 23, and the first converging spot S1 is 
formed on a front surface of the f irst information me- 
dium 23. Thereafter, a beam of transmitted light L4R 
reflected at the front surface of the first information 
medium 23 passes through the same optical path in 
the reverse direction. That is, a part of the transmit- 
ted light L4R again transmits through the compound 
objective lens 29 without any diffraction and is re- 
flected by the beam splitter 54. In this case, the trans- 
mitted light L4R is collimated. Thereafter, the trans- 
mitted light L4R b converged by the converging lens 
55, and the wavefront of a large part of the transmit- 
ted light L4R is changed to form a plurality of converg- 
ing spots on the photo detector 57. Thereafter, the in- 
tensities of the converging spots of the transmitted 
light L4R are detected in the photo detector 57. There- 
fore, an information signal and servo signals such as 
a focus error signal and a tracking error signal are ob- 
tained. The actuating unit 58 are operated according 
to the servo signals to move the compound objective 
lens 29 at high speed, so that the transmitted light L4 
is converged on the first information medium 23 in fo- 
cus. 

Also, in cases where a piece of information is re- 
corded or reproduced on or from the second informa- 
tion medium 25. the diffracted light L5 is converged 
on the second information medium 25 to form the 
second converging spot S2. That is, the diffracted 
light L5 is incident on a rear surface of the second in- 
formation medium 25, and the second converging 
spot S2 is formed on a front surface of the second in- 
formation medium 25. Thereafter, a beam of diffract- 
ed light L5R reflected at the front surface of the sec- 
ond information medium 25 passes through the same 
optical path in the reverse direction. That is, a part of 
the diffracted light L5R is again diffracted by the ho- 
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logram lens 26 and is reflected by the beam splitter 
54. In this case, the diffracted light L5R is collimated. 
Thereafter, the diffracted light L5R is converged by 
the converging lens 55, and the wavef ront of a large 
part of the diffracted light L5R is changed to form a 
plurality of converging spots on the photo detector 57. 
In this case, the diffracted light L5R incident on the 
converging lens 55 is collimated in the same manner 
as the transmitted light L4R incident on the converg- 
ing lens 55, the converging spots of the diffracted 
light L5R are formed at the same positions as those 
of the transmitted light L4R. Thereafter, the intensi- 
ties of the converging spots of the diffracted light L5R 
are detected in the photo detector 57. Therefore, an 
information signal and servo signals such as a focus 
error signal and a tracking error signal are obtained. 
The actuating unit 58 are operated according to the 
servo signals to move the compound objective lens 
29 at high speed, so that the diffracted light L5 is con- 
verged on the second information medium 25 in fo- 
cus. 

In this case, because the transmitted light L4R 
again transmits through the compound objective lens 
without any diffraction and the diffracted light L5R is 
again diffracted by the hologram lens 26, the outgo- 
ing optical path agrees with the incoming optical path 
in a range between the information medium 23 or 25 
and the beam splitter 54 even though the converging 
spot S1 differs from the converging spot S2. There- 
fore, a converging spot S7 on the photo detector 57 
at which the light L4R or L5R not diffracted by the wa- 
vef ront changing device 56 is converged relates to a 
radiation point of the light source 52 in a mirror image, 
so that the light L4R and L5R not diffracted by the wa« 
vefront changing device 56 are converged at the 
same converging point S7. In the same manner, the 
light L4R and L5R diffracted by the wavef ront chang- 
ing device 56 are converged at the same other con- 
verging points. 

Accordingly, even though the compound objec- 
tive lens has two focal points, the wavef ront changing 
unit 56 and the photo detector 57 required to detect 
the intensity of the transmitted light L4R can be util- 
ized to detect the intensity of the diffracted light L5R. 
Therefore, the number of parts required to manufac- 
ture the optical head apparatus 51 can be reduced, 
and a small sized optical head apparatus can be man- 
ufactured at a low cost and in light weight even though 
pieces of information are recorded or reproduced on 
or from an information medium by utilizing the optical 
head apparatus 51 regardless of whether the infor- 
mation medium is thick or thin. 

In cases where the hologram lens 26 (or 32, 33, 
42) is integrally formed with the objective lens 27 as 
shown in Fig. 1 9A, 19B or 20, each of the compound 
objective lenses 45, 46 and 47 can be manufactured 
in light weight because the hologram lens 26 (or 32, 
33, 42) is a plane type of optical device. For example, 



the hologram lens 26 (or 32, 33. 42) is less than sev- 
eral tens mg in weight Therefore, the hologram lens 
26 integrally formed with the objective lens 27 can be 
easily moved by the actuating unit 58. 
5 Next, a detecting method of the servo signals is 

described. Fig. 22 is a plan view of the wavefront 
changing unit 56. Fig. 23 is an enlarged view of first- 
order diffracted light and transmitted light detected in 
the photo detector 57. As shown in Fig. 22, the wave- 
to front changing unit 56 is partitioned into a diffracted 
light generating region 56a in which a grating pattern 
P4 is drawn and a pair of diffracted light generating 
regions 56b, 56c in which a pair of grating patterns 
P5, P6 are drawn. The light L4R or L5R incident on the 
15 diffracted light generating region 56a is diffracted to 
obtain a focus error signal. The light L4R or L5R inci- 
dent on each of the diffracted light generating regions 
56b, 56c is diffracted to obtain a tracking error signal. 
Initially, a spot size detection method utilized to 
20 detect a focus error signal is described as an example 
of a detecting method of a focus error signal. The 
method is proposed in Japanese Patent Application 
No. 185722 of 1990. In short, in cases where the 
method is adopted, an allowable assembly error in an 
25 optical head apparatus can be remarkably enlarged, 
and the servo signal such as a focus error signal can 
be stably obtained to adjust the position of the com- 
pound objective lens even though the wavelength of 
the incident light L3 varies. 
30 In detail, as shown in Fig. 23, the grating pattern 

P4 Is designed to change the transmitted light L4R (or 
the diffracted light L5R) transmitting through the dif- 
fracted light generating region 56a of the wavefront 
changing unit 56 to a beam of first-order diffracted 
35 light L7 and a beam of minus first-order diffracted 
light L8. The diffracted light L7, L8 are expressed by 
two types of spherical waves having different curva- 
tures. That is, interference fringes are produced by 
actually interfering a spherical wave having a focal 
40 point FP1 in the front of the photo detector 57 with an- 
other spherical wave diverging from the converging 
spot S7 according to a two- beam interferometric 
process, so that the grating pattern P4 agreeing with 
the interference fringes is formed. In other case, the 
45 interference fringes are calculated according to a 
computer generated hologram method. As a result, 
the transmitted light L4R (or the diffracted light L5R) 
transmitting through the diffracted light generating 
region 56a of the wavefront changing unit 56 is dif- 
50 f racted and changed to beams of conjugate diffract- 
ed light such as a beam of first-order diffracted light 
L7 and a beam of minus first-order diffracted light L8. 
The beam of first-order diffracted light L7 has the fo- 
cal point FP1 at the front surface of the photo detector 
55 57, and the beam of minus first-order diffracted light 
L8 has a focal point FP2 in the rear of the photo de- 
tector 57. 

As shown in Fig. 24, the photo detector 57 com- 
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prises a sextant photo-detector 59 (or a six-division 
photo detector) in which six detecting sections SE1, 
SE2, SE3, SE4. SE5 and SE6 are provided. The in- 
tensity of the first-order diffracted light L7 is detected 
by each of the detecting sections SE1, SE2 and SE3 
of the sextant photo-detector 59 and is changed to 
electric current signals SC1 , SC2 and SC3. Also, the 
intensity of the minus first-order diffracted light LB is 
detected by each of the detecting sections SE4, SE5 
and SE6 of the sextant photo-detector 59 and is 
changed to electric current signals SC4, SC5 and 
SC6. 

Fig. 25Aand 25C respectively show a converging 
spot of the first-order diffracted light L7 radiated to 
the detecting sections SE1 , SE2 and SE3 of the sex- 
tant photo-detector 59 and another converging spot of 
the minus first-order diffracted light L8 radiated to the 
detecting sections SE4, SE5 and SE6 of the sextant 
photo-detector 59 on condition that the objective lens 
27 is defocused on the information medium 23 or 25. 
Fig. 25B shows a converging spot of the first-order 
diffracted light L7 radiated to the detecting sections 
SE1, SE2 and SE3 of the sextant photo-detector 59 
and another converging spot of the minus first-order 
diffracted light L8 radiated to the detecting sections 
SE4, SE5 and SE6 of the sextant photo-detector 59 
on condition that the objective lens 27 is just focused 
on the information medium 23 or 25. 

As shown in Figs. 25A to 25C, in cases where the 
transmitted light L4 (or the diffracted light L5) is con- 
verged on the information medium 23 (or 25) on con- 
dition that the objective lens 27 is defocused on the 
information medium 23 (or 25), a converging spot S8 
of the diffracted light L7 shown at the left side of Figs. 
25A, 25C is formed on the sextant photo-detector 59. 
and another converging spot S9 of the diffracted light 
L8 shown at the right side of Fig. 25Aor25C is formed 
on the sextant photo-detectcr 59. In contrast, in cases 
where the transmitted light L4 (or the diffracted light 
L5) is converged on the information medium 23 (or 
25) on condition that the objective lens 27 is just fo- 
cused on the information medium 23 (or 25), a con- 
verging spot SB of the diffracted light L7 shown at the 
left side of Fig. 25B is formed on the sextant photo- 
detector 59, and another converging spot S9 of the 
diffracted light L8 shown at the right side of Fig. 25B 
is formed on the sextant photo-detector 59. The inten- 
sity of the diffracted light L7 is detected in each of the 
detecting sections SE1, SE2 and SE3 of the sextant 
photo-detector 59 and is changed to electric current 
signals SC1 , SC2, SC3. Also, the intensity of the dif- 
fracted light L8 is detected in the detecting sections 
SE4, SE5 and SE6 of the sextant photo-detector 59 
and is changed to electric current signals SC4, SC5 
and SC6. Thereafter, a focus error signal S*, is ob- 
tained according to the spot size detection method by 
calculating an equation (5). 

Sfe = (SC1 + SC3 - SC2) - (SC4 + SC6 - 



SC5) (5) 

Thereafter, the position of the compound objective 
lens is moved in a direction along an optical axis at 
high speed so as to minimize the absolute value of the 

5 focus error signal Sfo. 

In the spot size detect ton method, the diffracted 
light L7 t L8 are expressed by two types of spherical 
waves having different curvatures to detect the focus 
error signal Sfe. However, two beams of diffracted 

10 light L7, L8 radiated to the photo detector 57 are not 
limited to the spherical waves. That is, because the 
change of the diffracted light L7, L8 in a Y-direction 
is detected by the photo detector 57 according to the 
spot size detection method, it is required that a one- 

15 dimensional focal point of the diffracted light L7 is 
positioned in the front of the photo detector 57 and a 
one-dimensional focal point of the diffracted light L8 
is positioned in the rear of the photo detector 57. 
Therefore, it is applicable that diffracted light includ- 

20 ing astigmatic aberration be radiated to the photo de- 
tector 57. 

In addition, an information signal S in is obtained 
by adding all of the electric current signals according 
to an equation (6). 
25 Sh, = SC1 + SC2 + SC3 + SC4 + SC5 * 
SC6 (6) 

Because the information medium 23 or 25 is ro- 
tated at high speed, a patterned track pit radiated by 
the converging spots S8 f S9 of the diffracted light 

30 L7.L8 is rapidly changed one after another, so that the 
intensity of the information signal S, n Is changed. 
Therefore, the information stored in the information 
medium 23 or 25 can be reproduced according to the 
information signal S ln . 

35 Next, the detection of a tracking error signal de- 

pending on a relative position between a converging 
spot and a patterned track pit on the information me- 
dium 23 or 25 is described. 

The grating pattern P5 drawn in the diffracted 

40 light generating region 56b shown in Fig. 22 is de- 
signed to change the transmitted light L4R (or the dif- 
fracted light LSR) transmitting through the diffracted 
light generating region 56b of the wavef ront changing 
unit 56 to a beam of first-order diffracted light L9 and 

4$ a beam of minus first-order diffracted light L1 0. Also, 
the grating pattern P6 drawn in the diffracted light 
generating region 56c shown in Fig. 22 is designed to 
change the transmitted light L4R (or the diffracted 
light L5R) transmitting through the diffracted light 

so generating region 56c of the wavef ront changing unit 
56 to a beam of first-order diffracted light L11 and a 
beam of minus first-order diffracted light L12. 

As shown in Fig. 24, the photo detector 57 further 
comprises four tracking photo-detectors 60a to 60d 

55 for detecting intensities of the diffracted light L9 to 
L1 2. As shown in Fig. 26. the intensity of the diffract- 
ed light L9 is detected by the tracking photo-detector 
60a and is changed to an electric current signal SC7, 
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the intensity of the diffracted light L10 is detected by 
the tracking photo-detector 60d and is changed to an 
electric current signal SC10, the intensity of the dif- 
fracted light L11 is detected by the tracking photo-de- 
tector 60b and is changed to an electric current signal 
SC8, and the intensity of the diffracted light L12 is de- 
tected by the tracking photo-detector 60c and is 
changed to an electric current signal SC9. A tracking 
error signal is calculated according to an equation 

(7) ' Ste = SC7 - SC8- SC9 + SC10 (7) 

Therefore, the asymmetry of the intensity distrib- 
ution of the transmitted light L4R (or the diffracted 
light L5R) incident on the wavef ront changing unit 56, 
which changes in dependence on the positional rela- 
tion between the converging spot S1 (or S2) and a 
patterned track pit radiated by the light L4 or L5, is ex- 
pressed by the tracking error signal 

Thereafter, the objective lens 27 is moved in a ra- 
dial direction so as to reduce a tracking error indicat- 
ed by the tracking error signal S*. The radial direction 
is defined as a direction perpendicular to both the opt- 
ical axis and a series of patterned track pits. There- 
fore, the converging spot S1 (or S2) of the transmitted 
light L4 (or the diffracted light L5) on the information 
medium 23 (or 25) can be formed in the middle of the 
patterned track pit, so that the tracking error be- 
comes zero. 

Accordingly, focus and tracking servo character- 
istics can be stably obtained In the optical head ap- 
paratus 51. That is, because the wavef ront changing 
unit 56 has a wavef ront changing f unction, a focus er- 
ror signal can be easily obtained. Also, because the 
diffracted light generating regions 56b, 56c are pro- 
vided in the wavef ront changing unit 56, a tracking er- 
ror signal can be easily obtained. Therefore, the num- 
ber of parts required to manufacture me optical head 
apparatus 51 can be reduced, and the number of 
manufacturing steps can be reduced. In addition, the 
optical head apparatus can be manufactured at a low 
cost and in lightweight 

Also, because the compound objective lens hav- 
ing two focal points is utilized in the optical head ap- 
paratus 51, pieces of information can be reliably re- 
corded or reproduced from an information medium by 
utilizing the optical head apparatus 51 regardless of 
whether the information medium is thick or thin. 

(Seventh Embodiment) 



Next, an optical head apparatus in which servo 
signals such as a focus error signal and a tracking er- 
ror signal are detected according to an astigmatic 
aberration method is described according to a sev- 
enth embodiment of the present invention. 

Fig. 27 Is a constitutional view of an optical head 
apparatus according to a seventh embodiment 

As shown in Fig. 27, an optical head apparatus 



61 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es the light source 52. the collimator lens 53. the 
beam splitter 54, the compound objective lens 29 (or 
5 29M, 34, 43, 45, 46 or 47) composed of the hologram 
lens 26 (or 26M, 32, 33 or 42) and the objective lens 
27, the actuating unit 58, the converging lens 55, an 
astigmatic aberration generating unit 62 such as a 
plane parallel plate for generating an astigmatic aber- 
10 ration in the transmitted light L4R or the diffracted 
light L5R converged by the converging lens 55, and 
a photo detector 63 for detecting the intensity of the 
transmitted light L4R or the diffracted light L5R in 
which the astigmatic aberration is generated to ob- 
15 tain an information signal and servo signals such as 
a focus error signal and a tracking error signal. 

The astigmatic aberration generating unit 62 is 
classified into one of the wavef ront changing unit 56 
because a wavef ront of the transmitted light L4R or 
20 the diffracted light L5R is changed by the generating 
unit 62 to generate the astigmatic aberration In the 
light L4R or L5R. Also, a normal line of the unit 62 is 
tilted from an optical axis. 

As shown in Fig. 28, the photo detector 63 con> 
25 prises a quadrant photo-detector 64 in which four de- 
tecting sections SE7, SE8, SE9 and SE10 are provid- 
ed. 

In the above configuration, the transmitted light 
L4R (or the diffracted light L5R) reflected by the in- 
30 formation medium 23 (or 25) is converged by the con- 
verging lens 55 in the same manner as in the sixth em- 
bodiment Thereafter, the transmitted light L4R (or 
the diffracted light L5R) transmits through the astig- 
matic aberration generating unit 62 and is converged 
35 on the photo detector 57 to form a converging spot 
S10 on the detecting sections SE7, SE8, SE9 and 
SE10 of the quadrant photo-detector 64. In this case, 
because the transmitted light L4R (or the diffracted 
light L5R) converged by the converging lens 55 is a 
40 spherical wave, an astigmatic aberration is generat- 
ed in the transmitted light L4R (or the diffracted light 
L5R)by the astigmatic aberration generating unit 62. 
Therefore, as shown in Figs. 29A to 29C, the shape 
of the converging spot S10 considerably changes de- 
45 pending on a distance between the compound objec- 
tive lens 29 and the information medium 23 (or 25). 

For example, in cases where the transmitted light 
L4 (or the diffracted light L5) is converged on the in- 
formation medium 23 (or 25) on condition that the ob- 
50 jective lens 27 is defocused on the information me- 
dium 23 (or 25), the converging spot S10 of the trans- 
mitted light L4R (or the diffracted light L5R) is formed 
on the quadrant photo-detector 64 as shown in Figs. 
29A, 29C. In contrast in cases where the transmitted 
55 light L4 (or the diffracted light L5) is converged on the 
information medium 23 (or 25) on condition that the 
objective lens 27 is just focused on the information 
medium 23 (or 25), the converging spot S10 of the 
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transmitted light L4R (or the diffracted light L5R) is 
formed on the quadrant photo-detector 64 as shown 
in Fig. 25B. 

The intensity of the transmitted light L4R (or the 
diffracted light L5R) is detected in the detecting sec- 
tions SE7, SE8, SE9 and SE10 of the quadrant photo- 
detector 64 and is changed to electric current signals 
SC11 , SC12, SC13 and SC14. Thereafter, a focus er- 
ror signal S*, is obtained according to an astigmatic 
aberration method by calculating an equation (8). 

Sfe = (SC11 + SC14) - (SC12 ♦ SC13) (8) 
Thereafter, the position of the compound objective 
lens 29 Is moved in a direction parallel to an optical 
axis at high speed so as to minimize the absolute val- 
ue of the focus error signal S^. 

Also, a tangential direction Dt agreeing with an 
extending direction of patterned recording pits and a 
radial direction Dr perpendicular to both the optical 
axis and the patterned recording pits are defined as 
shown in Fig. 29D. In this case, when the quadrant 
photo-detector 64 is directed as shown in Figs. 29Ato 
29C. a tracking error signal is calculated accord- 
ing to an equation (9) by utilizing an intensity distrib- 
ution change of the transmitted light L4R (or the dif- 
fracted light L5R) which depends on a positional re- 
lation between the converging spot S10 and a record- 
ing pit radiated by the light L4 or L5. 

8^ = SC11 + SC13 - (SC12 + SC14) (9) 
Thereafter, the objective lens 27 is moved in the 
radial direction so as to reduce a tracking error indi- 
cated by the tracking error signal Therefore, the 
convening spot S1 , (or S2) of the transmitted light L4 
(or the diffracted light L5) on the information medium 
23 (or 25) can be formed in the middle of the recording 
pit, so that the tracking error becomes zero. 

In other case, the tracking error signal S te is ob- 
tained according to a phase difference method by 
utilizing the result calculated in the equation (8). 

In addition, an information signal St, is obtained 
by adding all of the electric current signals according 
to an equation (10). 

S lft = SC11 + SC12 + SC13 + SC14 (10) 
Accordingly, focus and tracking servo character- 
istics can be stably obtained in the optical head ap- 
paratus 61 . That is, because an astigmatic aberration 
is generated in the transmitted light L4R (or the dif- 
fracted light L5R) by the astigmatic aberration gen- 
erating unit 62 made of a plane parallel plate, the ser- 
vo signals such as a focus error signal and a tracking 
error signal can be easily obtained. Therefore, the 
number of parts required to manufacture the optical 
head apparatus 61 can be reduced, and the number 
of manufacturing steps can be reduced. In addition, 
the optical head apparatus 61 can be manufactured 
at a low cost and in light weight. 

Also, because the compound objective lens hav- 
ing two focal points is utilized in the optical head ap- 
paratus 61 , pieces of information can be reliably re- 



corded or reproduced from an information medium by 
utilizing the optical head apparatus 61 regardless of 
whether the information medium is thick or thin. 
In the seventh embodiment, the astigmatic aber- 
5 ration generating unit 62 formed out of the plane par- 
allel plate is arranged between the converging lens 
55 and the photo detector 63. However, as an optical 
head apparatus 65 is shown in Fig. 30. it is applicable 
that a cylindrical lens 66 integrally formed with the 
w converging lens 55 be arranged in place of the plane 
parallel plate to generate an astigmatic aberration in 
the transmitted light L4R (or the diffracted light L5R). 
In this case, because the cylindrical lens 66 is inte- 
grally formed with the converging lens 55, the optical 
is head apparatus can be moreover manufactured at 
low cost. In addition, as shown in Fig. 30, it is appli- 
cable that a normal line of the hologram lens 26 (or 
32, 33, 42) be tilted from an optical axis passing 
through the center of the objective lens 27 by about 
20 one degree to prevent stray light reflected in a sur- 
face of the hologram lens 26 from being incident on 
the photo detector 57 or 63. Also, it is applicable that 
the hologram lens 26 (or 32, 33, 42) be coated with 
an anti-reflection coating to prevent the occurrence 
25 of stray light 

Also, as an optical head apparatus 67 is shown 
in Fig. 31 , it is applicable that a polarized beam splitter 
68 be arranged in place of the beam splitter 54 to per- 
fectly transmit the incident light L3 and a 1/4-X plate 
so 69 be additionally placed between the hologram lens 
26 (or 32, 33, 42) and the polarized beam splitter 68. 
In this case, because the incident light L3 transmits 
through the 1/4-A. plate 69 in an outgoing optical path 
and because the transmitted light L4R (or the dif- 
35 fracted light L5R) again transmits through the 1/4-X 
plate 69 in an incoming optical path, the transmitted 
light L4R (or the diffracted light L5R) is perfectly re- 
flected by the polarized beam splitter 68. Accordingly, 
a utilization efficiency of the incident light L3 can be 
40 enhanced. Also, a signal-noise ratio of each of the 
servo signals and the information signal can be en- 
hanced. 

Also, as an optical head apparatus 70 is shown 
in Fig. 32, it is applicable that the polarized beam split- 

45 ter 68 be arranged in place of the beam splitter 54 to 
perfectly transmit the incident light L3 and the 1/4-X 
plate 69 be additionally placed between the hologram 
lens 26 (or 32, 33, 42) and the objective lens 27. In 
this case, the transmitted light L4R (or the diffracted 

50 light L5R) is perfectly reflected by the polarized beam 
splitter 68 in the same manner as the optical head ap- 
paratus shown in Frg. 31. In addition, because stray 
light reflected from the hologram lens 26 (or 32, 33, 
42) transmits through the polarized beam splitter 68, 

55 the stray light is not incident on the photo detector 63. 
Accordingly, a signal-noise ratio of each of the servo 
signals and the information signal can be moreover 
enhanced. 
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Also, as an optical head apparatus 71 is shown 
in Fig. 33, it is applicable that a wedge-like prism 72 
for reshaping the incident light L3 radiated from the 
light source 52 be additionally placed between the 
collimator lens 53 and the polarized beam splitter 68. 
In this case, an elliptic wavef ront of the incident light 
L3 is reshaped to a circular wavef ront by the wedge- 
like prism 72. Accordingly, a utilization efficiency of 
the incident light L3 can be enhanced. 

In the sixth and seventh embodiments, when the 
transmitted light L4 (that is. zero-order diffracted light 
L4) converged on the first information medium 23 is 
reflected toward the compound objective lens to re- 
produce a piece of information recorded on the f irst 
information medium 23, a part of the transmitted light 
L4R is diffracted in the hologram lens 26 (or 32, 33, 
42) on the incoming optical path, so that the part of 
the transmitted light L4R is changed to a beam of 
first-order diffracted light L13. Therefore, the first- 
order diffracted light L1 3 diverges from the hologram 
lens 26, and a converging spot S11 of the diffracted 
light L13 is formed on the photo detector 57 or 63 in 
a relatively large size, as shown in Fig. 34. The size 
of the converging spot S11 is larger than those of the 
sextant photo-detector 59 and the quadrant photo-de- 
tector 64. Therefore, there is a drawback that a signal- 
noise ratio in the information signal deteriorates. 

To solve the drawback, it is preferred that the 
photo detector 57 (or 63) further comprise an infor- 
mation photo-detector 73 surrounding the sextant 
photo-detector 59 (or the quadrant photo-detector 
64). The size of the information photo-detector 73 is 
equal to or larger than a 1mm square. Therefore, in 
cases where the information signal is determined by 
the sum of the intensity of the transmitted light L4 de- 
tected in the sextant photo-detector 59 (or the quad- 
rant photo-detector 64) and the intensity of the dif- 
fracted light L13 detected in the information photo- 
detector 73, the signal-noise ratio in the information 
signal can be enhanced, and frequency characteris- 
tics of the information signal can be enhanced. 

(Eighth Embodiment) 



Next, a method of focusing performed in the opt- 
ical head apparatuses 51, 61, 65, 67, 70 and 71 is de- 
scribed according to an eighth embodiment of the 
present invention. 

Fig. 35A graphicaDy shows a change of the focus 
error signal obtained by detecting the intensity of the 
transmitted light L4 formed in the hologram lens 26, 
32 or 33, the strength of the focus error signal de- 
pending on a distance between the objective lens 27 
and the first information medium 23. Fig. 35B graph- 
ically shows a change of the focus error signal ob- 
tained by detecting the intensity of the diffracted light 
L5 formed in the hologram lens 26. 32 or 33. the 
strength of the focus error signal depending on a dis- 



tance between the objective lens 27 and the second 
information medium 25. 

The intensity of the transmitted light L4 is high 
because the numerical aperture of the objective lens 
5 27 for the transmitted light L4 is large. Therefore, as 
shown in Fig. 35A, a change of a focus error signal 
FE1 obtained in cases where the objective lens 27 is 
almost focused on the first information medium 23 is 
considerably large as compared with a change of an 
10 unnecessary focus error signal FE2 obtained in cas- 
es where the objective lens 27 is defocused on the 
first Information medium 23. In addition, in cases 
where the hologram lens 26, 32 or 33 is utilized in 
each of the optical head apparatuses 51 , 61, 65, 67, 
15 70 and 71 . the unnecessary focus error signal FE2 is 
generated when the distance between the objective 
lens 27 and the first information medium 23 is larger 
than the focal length of the objective lens 27 for the 
transmitted light L4. 
20 In contrast, the intensity of the diffracted light L5 

is comparatively low because the numerical aperture 
of the objective lens 27 for the diffracted light L5 is 
comparatively small. Therefore, as shown in Fig. 35B. 
a change of a focus error signal FE3 obtained in cas- 
25 es where the objective lens 27 is almost focused on 
the second information medium 25 is almost the 
same as that of an unnecessary focus error signal 
FE4 obtained in cases where the objective lens 27 is 
defocused on the second information medium 25. In 
30 addition, in cases where the hologram lens 26. 32 or 
33 is utilized in each of the optical head apparatuses 
51 , 61 , 65, 67. 70 and 71, the unnecessary focus er- 
ror signal FE4 is generated when the distance be- 
tween the objective lens 27 and the second informa- 
35 tion medium 25 is smaller than the focal length of the 
objective lens 27 for the diffracted light L5. 

Therefore, in cases where the focusing of the 
transmitted light L4 on the first information medium 
23 is performed, the objective lens 27 placed farf rom 
40 the f irst information medium 23 is gradually brought 
near to the first information medium 23. Thereafter, 
when the strength of the focus error signal reaches a 
threshold value, a focus servo loop provided in the 
photo detector 57 or 63 is set to an operation condi- 
45 tion, so that the objective lens 27 is set to be focused 
on the first information medium 23. Also, in cases 
where the focusing of the diffracted light L5 on the 
second information medium 25 is performed, the ob- 
jective lens 27 placed farf rom the second information 
so medium 25 is gradually brought near to the second in- 
formation medium 25 in the same manner. There- 
after, when the strength of the focus error signal 
reaches a threshold value, a focus servo loop provid- 
ed in the photo detector 57 or63 is set to an operation 
55 condition, so that the objective lens 27 is set to be fo- 
cused on the second information medium 25. 

Accordingly, the inverse influence of the unnec- 
essary focus error signal FE4 on the focusing of the 
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diffracted light L5 can be prevented. Also, because 
the objective lens 27 placed far from the information 
medium 23 or 25 is gradually brought near to the in- 
formation medium 23 or 25 regardless of whether the 
information medium is T1 or T2 in thickness, a focus- 
ing operation in each of the optical head apparatuses 
51, 61, 65, 67, 70 and 71 with the hdogram lens 26, 
32 or 33 can be performed according to a common 
procedure by changing the threshold value or per- 
forming an auto gain control in which the focus error 
signal is normalized by detecting the total intensity of 
the transmitted light L4R or the diffracted light L5R. 
Therefore, a control circuit required to perform the fo- 
cusing operation can be made at a low cost. 

Fig. 36A graphically shows a change of the focus 
error signal obtained by detecting the intensity of the 
diffracted light L6 formed in the hologram lens 42, the 
strength of the focus error signal depending on a dis- 
tance between the objective lens 27 and the first in- 
formation medium 23. Fig. 36B graphically shows a 
change of the focus error signal obtained by detecting 
the intensity of the transmitted light L4 formed in the 
hologram lens 42, the strength of the focus error sig- 
nal depending on a distance between the objective 
tens 27 and the second information medium 25. 

As shown in Fig. 36A, a change of a focus error 
signal FE5 obtained in cases where the objective lens 
27 is almost focused on the first information medium 
23 is considerably large as compared with a change 
of an unnecessary focus error signal FE6 obtained in 
cases where the objective lens 27 Is defocused on the 
first information medium 23. In addition, in cases 
where the hdogram lens 42 is utilized in each of the 
optical head apparatuses 51, 61, 65, 67, 70 and 71, 
the unnecessary focus error signal FE6 is generated 
when the distance between the objective lens 27 and 
the first information medium 23 is smaller than the fo- 
cal length of the objective lens 27 for the diffracted 
light L6. 

In contrast, as shown in Fig. 36B, a change of a 
focus error signal FE7 obtained in cases where the 
objective lens 27 is almost focused on the second in- 
formation medium 25 is almost the same as that of an 
unnecessary focus error signal FE8 obtained in cas- 
es where the objective lens 27 is defocused on the 
second information medium 25. In addition, in cases 
where the hdogram lens 42 is utilized in each of the 
optical head apparatuses 51, 61, 65, 67, 70 and 71, 
the unnecessary focus error signal FE8 is generated 
when the distance between the objective lens 27 and 
the second information medium 25 is larger than the 
focal length of the objective lens 27 for the transmit- 
ted light L4. 

Therefore, in cases where the focusing of the dif- 
fracted light L6 on the first information medium 23 is 
performed, the objective lens 27 placed near to the 
first information medium 23 is gradually moved away 
from the first information medium 23. Thereafter, 



when the strength of the focus error signal reaches a 
threshold value, a focus servo loop provided in the 
photo detector 57 or 63 is set to an operation condi- 
tion, so that the objective lens 27 is set to be focused 
5 on the first information medium 23. Also, in cases 
where the focusing of the transmitted light L4 on the 
second information medium 25 is performed, the ob- 
jective lens 27 placed near to the second information 
medium 25 is gradually moved away from the second 
10 information medium 25 in thB same manner. There- 
after, when the strength of the focus error signal 
reaches a threshold value, a focus servo loop provid- 
ed in the photo detector 57 or 63 is set to an operation 
condition, so that the objective lens 27 Is set to be fo- 
15 cused on the second information medium 25. 

Accordingly, the inverse influence of the unnec- 
essary focus error signal FES on the focusing of the 
transmitted light L4 can be prevented. Also, because 
the objective lens 27 placed near to the information 
20 medium 23 or 25 is gradually moved away from the 
information medium 23 or 25 regardless of whether 
the information medium is T1 or T2 in thickness, a fo- 
cusing operation in each of the optical head appara- 
tuses 51,61, 65, 67, 70 and 7 1 with the hdogram lens 
25 42 can be performed according to a common proce- 
dure by changing the threshold value or performing 
the auto gain control. Therefore, a control circuit re- 
quired to perform the focusing operation can be made 
at a low cost 

30 

(Ninth Embodiment) 

An optical head apparatus with the compound 
objective lens 29, 34, 45, 46 or 47 in which the inci- 
35 dent light L3 is efficiently utilized to obtain an infor- 
mation signal and servo signals is described with ref- 
erence to Figs. 29, 37 according to a ninth embodi- 
ment of the present invention. 

Fig. 37 is a constitutional view of an optical head 
40 apparatus according to a ninth embodiment 

As shown in Fig. 37, an optical head apparatus 
81 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es the light source 52, the cdlimator lens 53, the 
45 beam splitter 54, the compound objective lens the 
compound objective lens 29 (34, 45, 46 or 47) com- 
posed of the hdogram lens 26 (or 32 or 33) and the 
objective lens 27, the actuating unit 58, the converg- 
ing lens 55, a beam splitter 82 for transmitting a beam 
so of diffracted light L5R or reflecting a beam of trans- 
mitted light L4R, the photo detector 63 for detecting 
the intensity of the diffracted light L5R transmitting 
through the beam splitter 82 to obtain servo signals 
and an information signal recorded on the second in- 
55 formation medium 25, the wavefront changing device 
56 such as a hologram for changing a wavefront of the 
transmitted light L4R reflected by the beam splitter 
82, and the photo detector 57 for detecting the inten- 
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sity of the transmitted light L4R to obtain servo sig- 
nals and an information signal recorded on the first 
information medium 23. The beam splitter 82 is made 
of a plane parallel plate of which a normal line is tilted 
from an optical path, so that an astigmatic aberration 5 
is generated in the diffracted light L5R passing 
through the beam splitter 82. Also, a coating is ap- 
plied on a surface of the plane parallel plate. 

In the above configuration, the transmitted light 
L4 (or the diffracted light L5) are converged by the 10 
converging lens 27 in the same manner as in the sixth 
embodiment Thereafter, in cases where a piece of in- 
formation is recorded or reproduced on or from the 
first information medium 23, the transmitted light L4 
is converged on the first information medium 23 to 15 
form the first converging spot S1 . Thereafter, a beam 
of transmitted light L4R reflected by the first informa- 
tion medium 23 passes through the same optical path 
in the reverse direction. That is, a great part of the 
transmitted light L4R again transmits through the 20 
compound objective lens without any diffraction and 
is reflected by the beam splitter 54. Thereafter, the 
transmitted light L4R is converged by the converging 
lens 55, and a part of the transmitted light L4R Is re- 
flected by the beam splitter 82. Thereafter, the wave- 21 
front of a great part of the transmitted light L4R is 
changed by the wavef ront changing unit 56, and the 
great part of the transmitted light L4R is converged on 
the photo detector 57 to form the converging spots 
S8, S9. Therefore, an information signal and servo a 
signals such as a focus error signal and a tracking er- 
ror signal are obtained in the same manner as in the 
sixth embodi ment Also, a remaining part of the trans- 
mitted light L4R not changed its wavefront is con- 
verged on the photo detector 57 to form the converg- 3 
ing spot S7. 

In contrast, in cases where a piece of information 
is recorded or reproduced on or from the second in- 
formation medium 25, the diffracted light L5 is con- 
verged on the second information medium 25 to form a 
the second converging spot S2. Thereafter, a beam of 
diffracted light L5R reflected by the second informa- 
tion medium 25 passes through the same optical path 
in the reverse direction, and a great part of the dif- 
fracted light L5R transmits through the hologram lens 
26 without any diffraction. Therefore, the diffracted 
light L5R passes through the incoming optical path 
differing from the outgoing optical path. Thereafter, 
the diffracted light L5R is reflected by the beam split- 
ter 54 and is converged by the converging lens 55. 
Thereafter, a part of the diffracted light L5R transmits 
through the beam splitter 82. In this case, an astig- 
matic aberration is generated in the diffracted light 
L5R. Thereafter, the diffracted light L5R is converged 
on the photo detector 63 to form a converging spot 
S1 2 of which the shape is the same as the converging 
spot S10 shown in Figs. 29Ato 29C, and the intensity 
of the diffracted light L5R is detected in the photo de- 



tector 63. Therefore, an information signal and servo 
signals such as a focus error signal and a tracking er- 
ror signal are obtained in the same manner as in the 
seventh embodiment 

In this case, though a remaining part of the trans- 
mitted light L4R transmits through the beam splitter 
82, the remaining part of the transmitted light t4R is 
not converged at the converging spot S12 because 
the transmitted light L4R passes through the same 
optical path. Also, though a remaining part of the dif- 
fracted tight t5R is reflected the beam splitter 82, the 
remaining part of the diffracted light t5R is not con- 
verged at the converging spot S7, S8 or S9 because 
the diffracted light L5R passes through the incoming 
optical path differing from the outgoing optical path. 

In the ninth embodiment, because the diffracted 
light t5R transmits through the hologram lens 26 
without any diffraction, the converging spot S12 
formed on the photo detector 63 does not relate to a 
radiating point of the light source 52 in a mirror image, 
while the converging spot S7 formed on the photo de- 
tector 57 relates to the radiating point of the light 
source 52 in the mirror image. In other words, a focal 
point of the diffracted light L5R converged by the con- 
verging lens 55 differs from that of the transmitted 
light L4R converged by the converging lens 55. 
Therefore, the photo detector 57 for detecting the in- 
tensity of the transmitted light L4R and the photo de- 
tector 63 for detecting the intensity of the diffracted 
7 light L5R are required. 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 
head apparatus 81, pieces of information can be re- 
liably recorded or reproduced on or from an informa- 
5 tion medium regardless of whether the information 
medium is thick or thin. 

An example of the utilization of the optical head 
apparatus 81 for various types of optical disks is de- 
scribed. 

10 In cases where the optical head apparatus 81 is 

utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk 23 are recorded or reproduced and pieces 
of information recorded in a thick type of optical disk 

45 25 are exclusively reproduced, the diffraction effi- 
ciency of the hologram lens 26, 32 or 33 in the com- 
pound objective lens 29, 34, 45, 46 or 47 for changing 
a beam of light to a beam of first-order diffracted light 
is set to a value equal to or lower than 30 %. There- 

50 fore, in cases where a piece of information recorded 
on the thick type of optical disk 25 is reproduced in 
the photo detector 63. a signal-noise ratio of each of 
the servo signals and the information signal obtained 
in the photo detector 63 can be enhanced because 

55 the diffracted light t5R transmitting through the ho- 
logram lens 26. 32 or 33 at a high transmission effi- 
ciency is utilized to obtain the servo signals and the 
information signal. In other words, a utilization effi- 
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ciency of the incident light L3 can be enhanced when 
a piece of information recorded on the thick type of 
optical disk 25 is reproduced, so that the output power 
of the incident light L3 can be minimized. Also, even 
though a high intensity of the transmitted light L4 is 
required to record a piece of information on the high 
density optical disk 23, the recording of the informa- 
tion can be reliably performed without increasing the 
intensity of the incident light L3 because a transmis- 
sion efficiency of the hologram lens 26, 32 or 33 for 
the incident light L3 is high. Also, in cases where a 
piece of information recorded on the high density opt- 
ical disk 23 is reproduced in the photo detector 57, a 
signal-noise ratio of each signal obtained in the photo 
detector 57 can be enhanced because the transmis- 
sion efficiency of the hologram lens 26, 32 or 33 for 
the light L3. L4R is high. 

(Tenth Embodiment) 

An optical head apparatus with the compound 
objective lens 29, 34, 45, 46 or 47 in which the inci- 
dent light L3 is efficiently utilized to obtain an infor- 
mation signal and servo signals is described with ref- 
erence to Figs. 38, 39 according to a tenth embodi- 
ment of the present invention. X1 and Y1 coordinates 
shown in Figs. 38, 39 are utilized in common. 

Fig. 38 is a constitutional view of an optical head 
apparatus according to a tenth embodiment Fig. 39 
Is a plan view of a beam splitter having a reflection 
type of hologram utilized in the optical head appara- 
tus shown in Fig. 38. 

As shown in Fig. 38, an optical head apparatus 
91 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es the light source 52, the collimator iens 53, the 
beam splitter 54, the compound objective lens 29 (or 
34, 45, 46 or 47) composed of the hologram lens 26 
(or 32 or 33) and the objective lens 27, the actuating 
unit 58, the converging lens 55, a beam splitter 92 
having a reflection type of hologram 93 for transmit- 
ting a large part of the transmitted light L4R or reflect- 
ing all of the diffracted light L5R incident on the holo- 
gram 93. the photo detector 63 for detecting the inten- 
sity of the transmitted light L4R transmitting through 
the beam splitter 92 to obtain servo signals and an in- 
formation signal recorded in the first information me- 
dium 23, and the photo detector 57 for detecting the 
intensity of the diffracted light L5R to obtain servo 
signals and an information signal recorded in the sec- 
ond information medium 25. 

The beam splitter 92 is made of a plane parallel 
plate inclined to an optical path, so that an astigmatic 
aberration is generated in the transmitted light L4R 
passing through the beam splitter 92. Also, as shown 
in Fig. 39, the reflection type of hologram 93 is ar- 
ranged at a center portion of the beam splitter 92, and 
a light transmitting region 92a is arranged at a periph- 



eral portion of the beam splitter 92 to surround the 
hologram 93. Light incident on the light transmitting 
region 92a transmits without any diffraction. The ho- 
logram 92 is partitioned into a diffracted light gener- 
5 ating region 93a in which a grating pattern P7 is 
drawn and a pah- of diffracted light generating regions 
93b. 93c in which a pair of grating patterns P8, P9 are 
drawn. The diffracted light L5R incident on the dif- 
fracted light generating region 93a is diffracted to ob- 
io tain a focus error signal in the photo detector 57. The 
diffracted light L5R incident on each of the diffracted 
light generating regions 93b, 93c is diffracted to ob- 
tain a tracking error signal in the photo detector 57. 
In the above configuration, the transmitted light 
15 L4 and the diffracted light L5 are converged by the 
converging lens 27 in the same manner as in the sixth 
embodiment Thereafter, in cases where a piece of in- 
formation is recorded or reproduced on or from the 
first information medium 23, the transmitted light L4 
20 is converged on the first information medium 23 to 
form the first converging spot S1 . Thereafter, a beam 
of transmitted light L4R reflected by the f irst Informa- 
tion medium 23 passes through the same optical path 
in the reverse direction. That is, a large part of the 
25 transmitted light L4R again transmits through the 
compound objective lens 29 without any diffraction 
and is reflected by the beam splitter 54. Thereafter, 
the transmitted light L4R is converged by the con- 
verging lens 55. and a large part of the transmitted 
30 light L4R transmits through the beam splitter 92. In 
this case, an astigmatic aberration is generated in 
the transmitted light L4R. Thereafter, the transmitted 
light L4R is converged on the photo detector 63 to 
form a converging spot S1 3 of which the shape is the 
35 same as the converging spot S10 shown in Figs. 29A 
to 29C. and the intensity of the transmitted light L4R 
is detected in the photo detector 63. Therefore, an in- 
formation signal and servo signals such as a focus 
error signal and a tracking error signal are obtained 
40 in the same manner as in the seventh embodiment 
In contrast, in cases where a piece of information 
is recorded or reproduced on or from the second in- 
formation medium 25, the diffracted light L5 is con- 
verged on the second information medium 25 to form 
45 the second converging spot S2. Thereafter, a beam 
of diffracted light L5R reflected by the second infor- 
mation medium 25 passes through the same optical 
path in the reverse direction, and a large part of the 
diffracted light L5R transmits through the hologram 
so lens 26 without any diffraction. Therefore, the dif- 
fracted light L5R transmits on the incoming optical 
path differing from the outgoing optical path in the 
same manner as in the ninth embodiment There- 
after, the diffracted light L5R is reflected by the beam 
55 splitter 54 and is converged by the converging lens 55 
on the beam splitter 92 to form a converging spot on 
the reflection type of hologram 93 of the beam splitter 
92, Therefore, all of the diffracted light L5R is diff ract- 
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ed and reflected by the hologram 93 to be converged 
on the photo detector 57. That is. the diffracted light 
L5R diffracted and reflected in the diffracted light 
generating region 93a of the hologram 93 is splitted 
into two beams and is converged on the detecting 
sections SE1 to SE6 of the sextant photo-detector 59 
in the photo detector 57 in the same manner as in the 
sixth embodiment Also, the diffracted light L5R dif- 
fracted and reflected in the diffracted light generating 
region 93b of the hologram 93 is splitted into two 
beams, and the intensity of the diffracted light L5R is 
detected in the tracking photo-detectors 60a and 60d. 
Also, the diffracted light L5R diffracted and reflected 
in the diffracted light generating region 93c of the ho- 
logram 93 is splitted into two beams, and the intensity 
of the diffracted light L5R is detected in the tracking 
photo-detectors 60b and 60c. Therefore, an informa- 
tion signal and servo signals such as a focus error 
signal and a tracking error signal are obtained in the 
same manner as in the sixth embodiment. 

In the tenth embodiment, because the transmit- 
ted light L4R transmits through the hologram lens 26 
without any diffraction, the converging spot S13 
formed on the photo detector 63 does not relate to a 
radiating point of the light source 52 in a mirror image. 
Therefore, the photo detector 57 for detecting the in- 
tensity of the diffracted light L5R and the photo de- 
tector 63 for detecting the intensity of the transmitted 
light L4R are required. 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 
head apparatus 91. pieces of information can be re- 
liably recorded or reproduced on or from an informa- 
tion medium regardless of whether the information 
medium is thick or thin. 

Also, because all of the diffracted light L5R is 
completely diffracted and reflected by the hologram 
93 of the beam splitter 92, the diffracted light L5R can 
be utilized at high eff iciency. Therefore, a signal-noi- 
se ratio of the signals obtained in the photo detector 
57 can be enhanced. 

An example of the utilization of the optical head 
apparatus 91 for various types of optical disks is de- 
scribed. . 

In cases where the optical head apparatus 91 is 
utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk 23 are recorded or reproduced and pieces 
of information recorded in a thick type of optical disk 
25 are exclusively reproduced, the diffraction effi- 
ciency of the hologram lens 26. 32 or 33 in the com- 
pound objective lens 29. 34. 45, 46 or 47 for changing 
a beam of light to a beam of first-order diffracted light 
is set to a value equal to or lower than 30 %. There- 
fore, in cases where a piece of information recorded 
on the thick type of optical disk 25 is reproduced in the 
photo detector 57, a signal-noise ratio of each of the 
servo signals and the information signal obtained in 



the photo detector 57 can be enhanced because the 
diffracted light L5R transmitting through the holo- 
gram lens 26. 32 or 33 at a high transmission efficien- 
cy is utilized to obtain the servo signals and the infor- 
5 mat ion signal. In other words, a utilization efficiency 
of the incident light L3 can be enhanced when a piece 
of information recorded on the thick type of optical 
disk 25 is reproduced, so that the output power of the 
incident light L3 can be minimized. Also, even though 
10 a high intensity of the transmitted light L4 is required 
to record a piece of information on the high density 
optical disk 23. the recording of the information can 
be reliably performed without increasing the intensity 
of the incident light L3 because a transmission effi- 
15 ciency of the hologram lens 26. 32 or 33 for the inch 
dent light L3 is high. Also, in cases where a piece of 
information recorded on the high density optical disk 
23 is reproduced in the photo detector 63, a signal- 
noise rat io of each signal obtained in the photo detec- 
20 tor 63 can be enhanced because the transmission ef- 
ficiency of the hologram lens 26, 32 or 33 for the light 
L3, L4R is high. 



(Eleventh Embodiment) 



25 



An optical head apparatus with the compound 
objective lens 29, 34, 45, 46 or 47 in which the inci- 
dent light L3 is efficiently utilized to obtain an infor- 
mation signal and servo signals is described with ref- 
30 erence to Figs. 40 to 42 according to an eleventh em- 
bodiment of the present invention. X1 and Y1 co-or- 
dinates shown in Figs. 40, 41 are utilized in common, 
and X, Y and Z co-ordinates shown in Figs. 40, 42 are 
utilized in common. 
35 Figs. 40A, 40B are respectively a constitutional 

view of an optical head apparatus according an elev- 
enth embodiment. Fig. 41 is a plan view of a beam 
splitter having a reflection type of hologram utilized 
in the optical head apparatus shown in Fig. 38. 
40 As shown in Figs. 40A, 40B, an optical head ap- 

paratus 1 01 for recording or reproducing pieces of in- 
formation on or from the Information medium 23 or 
25, comprises the light source 52, the collimator lens 
53, the beam splitter 54, the compound objective lens 
45 29 (or 34, 45, 46 or 47) composed of the hologram 
lens 26 (or 32 or 33) and the objective lens 27, the ac- 
tuating unit 58, the converging lens 55, a beam split- 
ter 102 having a transmission type of hologram 103 
for transmitting the transmitted light L4R converged 
so on the f irst information medium 23 and the diffracted 
light L5R converged on the second information me- 
dium 25 and diffracting the transmitted light L4R 
which is converged on the second information me- 
dium 25 in defocus, a photo detector 1 04 for detecting 
55 the intensity of the transmitted light L4R converged 
on the first information medium 23 to obtain servo 
signals and an information signal recorded in the f irst 
information medium 23, detecting in defocus the in- 
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tensity of the diffracted light L5R to obtain an infor- 
mation signal recorded in the second information me- 
dium 25. and detecting the intensity of the transmit- 
ted light L4R converged on the second information 
medium 25 in defocus to obtain a focus error signal. 

The beam splitter 102 is made of a plane parallel 
plate inclined to an optical path, so that an astigmatic 
aberration is generated in the light L4R, L5R passing 
through the beam splitter 102. Also, as shown in Fig. 
41, the transmission type of hologram 103 is ar- 
ranged at a center portion of the beam splitter 102, 
and a light transmitting region 102a is arranged at a 
peripheral portion of the beam splitter 102 to sur- 
round the hologram 103. The transmitted light L4R in- 
cident on the light transmitting region 102a transmits 
without any diffraction. The hologram 102 is parti- 
tioned into diffracted light generating regions 103a, 
103b alternately arranged to detect a focus error sig- 
nal according to the spot size detection method de- 
scribed in the sixth embodiment. That is, a grating 
pattern P10 is drawn in each of the diffracted light 
generating regions 103a, and a converging spot is 
formed by the transmitted light L4R diffracted in the 
regions 103a. Also, a grating pattern P11 is drawn in 
each of the diffracted light generating regions 103b. 
and another converging spot is formed by the trans- 
mitted light L4R diffracted in the regions 103b. 

The photo detector 104 comprises the sextant 
photo-detector 59 in which the detecting sections 
SE1, SE2, SE3, SE4, SE5 and SE6 are provided in 
the same manner as the photo detector 57. 

In the above configuration, the transmitted light 
L4 and the diffracted light L5 are converged by the 
converging lens 27 in the same manner as In the sixth 
embodiment Thereafter, in cases where a piece of in- 
formation is recorded or reproduced on or from the 
first information medium 23, as shown in Fig. 40A, 
the transmitted light L4 is converged on the first in- 
formation medium 23 to form the first converging 
spot S1. Thereafter, a beam of transmitted light L4R 
reflected by the first information medium 23 passes 
through the same optical path in the reverse direc- 
tion. That is, the transmitted light L4R again transmits 
through the compound objective lens without any dif- 
fraction and is reflected by the beam splitter 54. 
Thereafter, the transmitted light L4R is converged by 
the converging lens 55, and a major part of the trans- 
mitted light L4R transmits through the beam splitter 
103. In this case, an astigmatic aberration is gener- 
ated in the transmitted light L4R. Thereafter, the 
transmitted light L4R is converged on the photo de- 
tector 104 to form a converging spot S14 of which the 
shape is the same as the converging spot S10 shown 
in Figs. 29A to 2SC, and the intensity of the transmit- 
ted light L4R is detected in the photo detector 104. 
Therefore, an information signal and servo signals 
such as a focus error signal and a tracking error sig- 
nal are obtained in the same manner as in the seventh 



embodiment In this case, because the position of the 
photo detector 104 detecting the transmitted light 
L4R relates to a radiation point of the light source 52 
in a mirror image, the transmitted light t4R is con- 
5 verged on the photo detector 1 04 just in focus. 

In contrast in cases where a piece of information 
is recorded or reproduced on or from the second in- 
formation medium 25, as shown in Fig. 40B, the dif- 
fracted light L5 is converged on the second informa- 
10 tion medium 25 to form the second converging spot 
S2. Thereafter, a beam of diffracted light L5R reflect- 
ed by the second information medium 25 passes 
through the same optical path in the reverse direction 
and transmits through the hologram lens 26 without 
is any diffraction. Therefore, the diffracted light L5R 
transmits on the incoming optical path differing from 
the outgoing optical path in the same manner as in the 
ninth embodiment Thereafter, the diffracted light 
t5R is reflected by the beam splitter 54 and is con- 
20 verged by the converging lens 55. Thereafter, a major 
part of the diffracted light t5R transmits through the 
beam splitter 102, and the diffracted light L5R is con- 
verged on the photo detector 57. In this case, an as- 
tigmatic aberration is generated in the diffracted light 
25 L5R. Also, because the diffracted light L5R is not dif- 
fracted by the hologram lens 26 on the incoming opt- 
ical path, the position of the photo detector 104 de- 
tecting the diffracted light t5R does not relate to the 
radiation point of the light source 52 in the mirror im- 
30 age. Therefore, the diffracted light L5R Is converged 
on the photo detector 104 In defocus. However, be- 
cause the entire intensity of the diffracted light L5R 
converged in defocus is detected in the photo detec- 
tor 104, an information signal is obtained in the same 
35 manner as in the seventh embodiment 

Also, the transmitted light t4 is converged on the 
second information medium 25 in defocus as shown 
in Fig. 40B. That is, the transmitted light L4 incident 
on the rear surface of the second information medium 
40 25 is converged at the front surface of the second in- 
formation medium 25. Thereafter, a beam of trans- 
mitted light t4R reflected at the front surface of the 
second information medium 25 again transmits 
through the compound objective lens without any dif- 
45 fraction and is reflected by the beam splitter 54. 
Thereafter, the transmitted light L4R is converged by 
the converging lens 55 on the beam splitter 102 to 
form a converging spot on the of hologram 103 of the 
beam splitter 102. Therefore, all of the transmitted 
so light L4R is diffracted by the hologram 103 and is con- 
verged on the photo detector 104. That is, the trans- 
mitted light L4R diffracted in the diffracted light gen- 
erating regions 103a of the hologram 103 is changed 
to a first spherical wave SW1 of which a focal point is 
55 placed at the front of the photo detector 1 04. and the 
transmitted light t4R diffracted in the diffracted light 
generating regions 103b of the hologram 103 is 
changed to a second spherical wave SW2 of which a 
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focal point is placed at the rear of the photo detector 
104. Thereafter, as shown in Figs. 42A to 42C f the 
first spherical wave SW1 is converged on the detect- 
ing sections SE1 to SE3 of the sextant photo-detector 
59 in the photo detector 104 to form a converging spot 5 
S15A, and the second spherical wave SW2 is con- 
verged on the detecting sections SE4 to SE6 of the 
sextant photo-detector 59 to form a converging spot 
S15B. Because the regions 103a, 103b are divided 
into many pieces, the converging spots S15A, S15B 10 
are respectively divided into many pieces. 

In cases where the diffracted light L5 is con- 
verged on the information medium 25 in defocus, the 
converging spots S15A, S15B of the transmitted light 
L4R shown in Figs. 42A, 42C are formed on the sex- 15 
tantphoto-detector 59. In contrast, in cases where the 
diffracted light L5 is converged on the information 
medium 25 in focus, the converging spots S15A, 
S15B of the transmitted light L4R shown in Fig. 42B 
are formed on the sextant photo-detector 59. The in- 20 
tensity of the transmitted light L4R is detected in each 
of the detecting sections SE1 to SE6 of the sextant 
photo-detector 59 and is changed to electric current 
signals SC15 to SC20. Thereafter, a focus error sig- 
nal Sfe is obtained according to the spot size detection 25 
method by calculating an equation (11). 
^ = (SC15 + SC17 - SC16) - (SC18 + SC20 

- SC19) (11) 
Thereafter, the position of the compound objective 
lens is moved in a direction along an optical axis at 30 
high speed so as to minimize the absolute value of the 
focus error signal Sfe. Therefore, the focus error sig- 
nal is obtained in the same manner as in the sixth em- 
bodiment 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 
head apparatus 101 , pieces of information can be re- 
liably recorded or reproduced on or from an informa- 
tion medium regardless of whether the information 
medium is thick or thin. 

Also, because all of the transmitted light L4R re- 
flected by the second information medium 25 is com- 
pletely diffracted by the hologram 103 of the beam 
splitter 1 02 to detect the focus error signal, the trans- 
mitted light L4R can be utilized at high efficiency. 
Therefore, a signal-noise ratio of the focus error sig- 
nal obtained in the photo detector 104 can be en- 
hanced. 

Also, the information signal and the servo signals 
can be obtained in the photo detector 104 regardless 
of whether the information medium 23 or 25 is thin or 
thick. Therefore, the number of parts required to man- 
ufacture the optical head apparatus 101 can be re- 
duced, and a small steed optical head apparatus can 
be manufactured at a low cost and in lightweight even 
though pieces of information are recorded or repro- 
duced on or from an information medium by utilizing 
the optical head apparatus 101 regardless of whether 



the information medium is thick or thin. 

An example of the utilization of the optical head 
apparatus 101 for various types of optical disks is de- 
scribed. 

In cases where the optical head apparatus 101 is 
utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk 23 are recorded or reproduced and pieces 
of information recorded in a thick type of optical disk 
25 are exclusively reproduced, the diffraction effi- 
ciency of the hologram lens 26, 32 or 33 in the com- 
pound objective lens 29, 34, 45, 46 or 47 is set to a 
value equal to or lower than 30 %. Therefore, in cases 
where a piece of information recorded on the thick 
type of optical disk 25 is reproduced in the photo de- 
tector 104, a signal-noise ratio of each of the servo 
signals and the information signal obtained in the 
photo detector 104 can be enhanced because the dif- 
fracted light L5R transmitting through the hologram 
lens 26, 32 or 33 at a high transmission efficiency is 
utilized to obtain the information signal. In other 
words, a utilization efficiency of the incident light L3 
can be enhanced when a piece of information record- 
ed on the thick type of optical disk 25 is reproduced, 
so that the output power of the incident light L3 can 
be minimized. Also, even though a high intensity of 
the transmitted light L4 is required to record a piece 
of information on the high density optical disk 23, the 
recording of the information can be reliably per- 
formed without increasing the intensity of the incident 
light L3 because a transmission efficiency of the ho- 
logram lens 26, 32 or 33 for the incident light L3 is 
high. Also, in cases where a piece of information re- 
corded on the high density optical disk 23 is repro- 
duced in the photo detector 63, a signal-noise ratio of 
each signal obtained in the photo detector 63 can be 
enhanced because the transmission efficiency of the 
hologram lens 26, 32 or 33forthe light L3, L4R is high. 

(Twelfth Embodiment) 

An optical head apparatus with the compound 
objective lens 29M, 43, 45, 46 or 47 in which the in- 
cident light L3 is efficiently utilized to obtain an infor- 
j mation signal and servo signals is described with ref- 
erence to Fig. 43 according to a twelfth embodiment 
of the present invent ion. 

Fig. 43 is a constitutional view of an optical head 
apparatus according to a twelfth embodiment 
0 As shown in Fig. 43, an optical head apparatus 

111 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es the light source 52, the collimator lens 53. the 
beam splitter 54. the compound objective lens 29M 
5 (or 43, 45, 46 or 47) composed of the hologram lens 
42 (or 26M or 32) and the objective lens 27. the ac- 
tuating unit 58, the converging lens 55, the beam 
splitter 82. the photo detector 63, the wavefront 
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changing device 56, and the photo detector 57. 

In the above configuration, a beam of incident 
light L3 radiated from the light source 52 is collimated 
in the collimator lens 53 and transmits through the 
beam splitter 54. Thereafter, a part of the incident 
light L3 transmits through the compound objective 
lens 29 without any diffraction, and a remaining part 
of the incident light L3 is diffracted. 

Thereafter, in cases where a piece of information 
is recorded or reproduced on or from the first infor- 
mation medium 23, the diffracted light L6 is con- 
verged on the first information medium 23 to form the 
converging spot S5. That is, the diffracted light L6 is 
incident on the rear surface of the first Information 
medium 23, and the converging spot S5 is formed on 
the front surface of the first information medium 23. 
Thereafter, a beam of diffracted light L6R reflected at 
the front surface of the first information medium 23 
passes through the same optical path in the reverse 
direction, and a great part of the diffracted light L6R 
is again diffracted by the hologram lens 42. There- 
fore, the diffracted light L6R transmits on the incom- 
ing optical path agreeing with the outgoing optical 
path. Thereafter, the diffracted light L6R is reflected 
by the beam splitter 54 and is converged by the con- 
verging lens 55. Thereafter, a part of the diffracted 
light L6R transmits through the beam splitter 82. In 
this case, an astigmat tc aberration is generated in the 
diffracted light L6R. Thereafter, the diffracted light 
L6R is converged on the photo detector 63 to form the 
converging spot S10 of which the shape Is shown in 
Figs. 29A to 29C, and the intensity of the diffracted 
light L6R is detected in the photo detector 63. There- 
fore, an information signal and servo signals such as 
a focus error signal and a tracking error signal are ob- 
tained in the same manner as in the seventh embodi- 
ment 

In contrast, in cases where a piece of information 
is recorded or reproduced on or from the second in- 
formation medium 25, the transmitted light L4 is con- 
verged on the second information medium 25 to form 
the converging spot S6. That Is, the transmitted light 
L4 is incident on the rear surface of the second infor- 
mation medium 25, and the converging spot S6 is 
formed on the front surface of the second information 
medium 25. Thereafter, a beam of transmitted light 
L4R reflected at the front surface of the second infor- 
mation medium 25 passes through the same optical 
path in the reverse direction. That is, the transmitted 
light L4R is collimated by the objective lens 27 on the 
incoming optical path. Thereafter, a great part of the 
transmitted light L4R is diffracted by the hologram 
lens 42. Therefore, the transmitted light L4R trans- 
mits on the incoming optical path differing from the 
outgoing optical path. Thereafter, the transmitted 
light L4R is reflected by the beam splitter 54 and is 
converged by the converging lens 55. Thereafter, a 
part of the transmitted light L4R is reflected by the 



beam splitter 82. Thereafter, the wavef ront of a great 
part of the transmitted light L4R is changed by the wa- 
vef ront changing unit 56. and the great part of the 
transmitted light L4R is converged on the photo de- 
5 tector 57 to form converging spots S16, S17. There- 
fore, an information signal and servo signals such as 
a focus error signal and a tracking error signal are ob- 
tained in the same manner as in the sixth embodi- 
ment Also, a remaining part of the transmitted light 
10 t4R not changed its wavefront by the wavefront 
changing unit 56 is converged on the photo detector 
57 to form the converging spot S18. 

In the twelfth embodiment, because the trans- 
mitted light L4R is diffracted by the hologram lens 42 
15 on the incoming optical path, the converging spot S1 8 
formed on the photo detector 57 does not relate to a 
radiation point of the light source 52 in a mirror image, 
while the converging spot S10 formed on the photo 
detector 63 relates to the radiation point of the light 
20 source 52 in the mirror image. In other words, a focal 
point of the transmitted light L4R converged by the 
converging lens 55 differs from that of the diffracted 
light L6R converged by the converging lens 55. 
Therefore, the photo detector 57 for detecting the in- 
25 tensity of the transmitted light L4R and the photo de- 
tector 63 for detecting the intensity of the diffracted 
light L6R are required. 

Accordingly, even though pieces of information 
are recorded or reproduced on or from an Information 
30 medium, the information can be reliably recorded or 
reproduced on or from the information medium re- 
gardless of whether the information medium is thick 
or thin. 

Also, because the diffracted light L6 formed in 
35 the hologram lens 42 converges before the diffracted 
light L6 is incident on the objective lens 27, the dis- 
tance in an optical axis direction between the con- 
verging spots S5, S6 can be lengthened to about 1 
mm. Therefore, even though the transmitted light L4 
40 (or the diffracted light L6) is converged on the con- 
verging spot S6 (or S5) in focus to record or read a 
piece of information, the light L6 (or L4) is not con- 
verged on the converging spot S6 (or S5) in focus to 
reduce the intensity of the light t6 (or L4) at the con- 
45 verging spot S6 (or S5). Accordingly, no adverse in- 
fluence is exerted on the recording or reproduction of 
the information 

Also, because the hologram lens 42 functions as 
a convex Jens for the first-order diffracted light L6. the 
so occurrence of a chromatic aberration can be prevent- 
ed in the optical head apparatus 111. 

An example of the utilization of the optical head 
apparatus 111 for various types of optical disks is de- 
scribed. . 
65 In cases where the optical head apparatus 111 is 

utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk 23 are recorded or reproduced and pieces 
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of information recorded in a thick type of optical disk 
25 are exclusively reproduced, the diffraction effi- 
ciency of the hologram lens 26M or 42 in the com- 
pound objective lens 29M, 43, 45. 46 or 47 for chang- 
ing a beam of light to a beam of first-order diffracted 
light is set to a value equal to or higher than 55 %. 
Therefore, in cases where a piece of information re- 
corded on the thick type of optical disk 25 is repro- 
duced in the photo detector 57, a signal-noise ratio of 
each of the servo signals and the information signal 
obtained in the photo detector 57 can be enhanced 
because the transmitted light L4R diffracted by the 
hologram lens 26M or 42 at a high dif f raction eff icien- 
cy is utilized to obtain the servo signals and the infor- 
mation signal. In other words, a utilization efficiency 
of the incident light L3 can be enhanced when a piece 
of information recorded on the thick type of optical 
disk 25 is reproduced, so that the output power of the 
incident light L3 can be minimized. Also, even though 
a high intensity of the diffracted light L6 is required to 
record a piece of information on the high density opt- 
ical disk 23, the recording of the information can be 
reliably performed without increasing the intensity of 
the incident light L3 because the diffraction efficien- 
cy of the hologram lens 26M or 42 for the incident light 
L3 and the diffracted light L6R is high. Also, in cases 
where a piece of information recorded on the high 
density optical disk 23 is reproduced in the photo de- 
tector 63, a signal-noise ratio of each signal obtained 
in the photo detector 63 can be enhanced because 
the diffraction efficiency of the hologram lens 26M or 
42 for the light L3. L6R is high. 

(Thirteenth Embodiment) 

An optical head apparatus with the compound 
objective lens 29M, 43, 45, 46 or 47 in which the in- 
cident light L3 is eff iciently utilized to obtain an infor- 
mation signal and servo signals ts described with ref- 
erence to Fig. 44 according to a thirteenth embodi- 
ment of the present invention. 

Fig. 44 is a constitutional view of an optical head 
apparatus according to a thirteenth embodiment 

As shown in Fig. 44, an optical head apparatus 
121 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es the light source 52, the collimator lens 53, the 
beam splitter 54, the compound objective lens 43 (or 
29M, 45, 46 or 47) composed of the hologram lens 42 
(or 26M or 32) and the objective lens 27 , the actuating 
unit 58, the converging lens 55, the beam splitter 92 
having the reflection type of hologram 93, the photo 
detector 63, and the photo detector 57. 

In the above configuration, the transmitted light 
L4 and the diffracted light L6 are converged by the 
converging lens 27 in the same manner as in the 
twelfth embodiment Thereafter, in cases where a 
piece of information is recorded or reproduced on or 



from the first information medium 23, the diffracted 
light L6 is converged on the first information medium 
23 to form the converging spot S5. Thereafter, a 
beam of diffracted light L6R reflected by the first in- 
5 formation medium 23 passes through the same opt- 
ical path in the reverse direction, and a large part of 
the diffracted light L6R is diffracted by the hologram 
lens 42. Therefore, the diffracted light L6R transmits 
on the incoming optical path agreeing with the outgo- 
to ing optical path in the same manner as In the twelfth 
embodiment. Thereafter, the diffracted light L6R is 
reflected by the beam splitter 54 and is converged by 
the converging lens 55 on the beam splitter 92 to form 
a converging spot on the ref lection type of hologram 
15 93 of the beam splitter 92. Therefore, all of the dif- 
fracted light L6R is diffracted and reflected by the ho- 
logram 93 to be converged on the photo detector 57 
in the same manner as in the tenth embodiment 
Therefore, an information signal and servo signals 
20 such as a focus error signal and a tracking error sig- 
nal are obtained in the same manner as in the sixth 
embodiment. 

In contrast in cases where a piece of information 
is recorded or reproduced on or from the second in- 
25 formation medium 25, the transmitted light L4 is con- 
verged on the second information medium 25 to form 
the converging spot S6. Thereafter, a beam of trans- 
mitted light L4R reflected by the second information 
medium 25 passes through the same optical path In 
30 the reverse direction. Tbat Is, a large part of the trans- 
mitted light L4R Is collimated by the objective lens 27 
on the incoming optical path. Thereafter, a great part 
of the transmitted light L4R is diffracted by the holo- 
gram lens 42. Therefore, the transmitted light L4R 
35 transmits on the incoming optical path differing from 
the outgoing optical path in the same manner as in the 
twelfth embodiment Thereafter, the transmitted light 
t4R is reflected by the beam splitter 54 and is con- 
verged by the converging lens 55. Thereafter, a large 
40 part of the transmitted light L4R transmits through 
the beam splitter 92. In this case, an astigmatic aber- 
ration is generated in the transmitted light t4R. 
Thereafter, the transmitted light L4R is converged on 
the photo detector 63 to form a converging spot S19 
45 of which the shape is the same as the converging spot 
S10 shown in Figs. 29A to 29C, and the intensity of 
the transmitted light L4R is detected in the photo de- 
tector 63. Therefore, an information signal and servo 
signals such as a focus error signal and a tracking er- 
50 ror signal are obtained in the same manner as in the 
seventh embodiment 

In the thirteenth embodiment because the trans- 
mitted light L4R is diffracted by the hologram lens 42. 
the converging spot S1 9 formed on the photo detector 
55 63 does not relate to a radiation point of the light 
source 52 In a mirror image. Therefore, the photo de- 
tector 57 for detecting the intensity of the diffracted 
light L6R and the photo detector 63 for detecting the 
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intensity of the transmitted light L4R are required. 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 
head apparatus 121 . pieces of information can be re- 
liably recorded or reproduced on or from an informa- 
tion medium regardless of whether the information 
medium is thick or thin. 

Also, because the diffracted light L6 formed in 
the hologram lens 42 converges before the diffracted 
light L6 is incident on the objective lens 27 f the dis- 
tance in an optical axis direction between the con- 
verging spots S5, S6 can be lengthened to about 1 
mm. Therefore, even though the transmitted light L4 
(or the diffracted light L6) is converged on the con- 
verging spot S6 (or S5) in focus to record or read a 
piece of information, the light L6 (or L4) is not con- 
verged on the converging spot S6 (or S5) in focus to 
reduce the intensity of the light L6 (or L4) at the con- 
verging spot S6 (or S5). Accordingly, no adverse in- 
fluence is exerted on the recording or reproduction of 
the information 

Also, because the hologram lens 42 functions as 
a convex lens for the first-order diffracted light L6, the 
occurrence of a chromatic aberration can be prevent- 
ed in the optical head apparatus 121. 

An example of the utilization of the optical head 
apparatus 121 for various types of optical disks is de- 
scribed. 

In cases where the optical head apparatus 1 21 is 
utilized for an optical disk device in which pieces of 
information recorded in a thin type of high density 
optical disk 23 are recorded or reproduced and pieces 
of information recorded in a thick type of optical disk 
25 are exclusively reproduced, the diffraction effi- 
ciency of the hologram lens 26M or 42 in the com- 
pound objective lens 29M, 43, 45, 46 or 47 for chang- 
ing a beam of light to a beam of first-order diffracted 
light is set to a value equal to or higher than 70 %. 
Therefore, in cases where a piece of information re- 
corded on the thick type of optical disk 25 is repro- 
duced in the photo detector 57, a signal-noise ratio of 
each of the servo signals and the information signal 
obtained in the photo detector 57 can be enhanced 
because the transmitted light L4R diffracted by the 
hologram lens 26M or 42 at a high diffraction efficien- 
cy is utilized to obtain the servo signals and the infor- 
mation signal. In other words, a utilization efficiency 
of the incident light L3 can be enhanced when a piece 
of information recorded on the thick type of optical 
disk 25 is reproduced, so that the output power of the 
incident light L3 can be minimized. Also, even though 
a high intensity of the diffracted light L6 is required to 
record a piece of information on the high density opt- 
ical disk 23, the recording of the information can be 
reliably performed without increasing the intensity of 
the incident light L3 because the diffraction efficien- 
cy of the hologram lens 26M or 42 for the incident light 
L3 and the diffracted light L6R is high. Also, in cases 



where a piece of information recorded on the high 
density optical disk 23 is reproduced in the photo de- 
tector 63, a signal-noise ratio of each signal obtained 
in the photo detector 63 can be enhanced because 
5 the diffraction efficiency of the hologram lens 26M or 
42 for the light L3, L6R is high. 

(Fourteenth Embodiment) 



10 An optical head apparatus in which noises includ- 

ed in an information signal are reduced is described 
with reference to Figs. 45, 46 according to a four- 
teenth embodiment of the present invention. 

Fig. 45 is a constitutional view of an optical head 
15 apparatus according to a fourteenth embodiment 
Fig. 46 is a plan view of a hologram tens utilized in the 
optical head apparatus shown in Fig. 45. 

As shown in Fig. 45, an optical head apparatus 
1 31 for recording or reproducing pieces of informa- 
20 tion on or from the information medium 23 or 25, com- 
prises the light source 52, a beam splitter 132 having 
a polarizing separation film 133 on its surface for re- 
flecting the incident light L3 radiated from the light 
source 52 on an outgoing optical path and transmit- 
25 ting through the light L4R or L5R reflected on the in- 
formation medium 23 or 25 on an incoming optical 
path, a collimator lens 1 34 for ccWmating the incident 
light U3 on the outgoing optical path and converging 
the light L4R or L5R on the incoming optical path, a 
30 hologram lens 135 for transmitting a part of the inci- 
dent light L3 without any diffraction and diffracting a 
remaining part of the incident light L3, the 1/4-X plate 
69, the objective lens 27. the actuating unit 58, and 
a photo detector 136 for detecting the light transmit- 
35 ting through or diffracted by the hologram lens 135on 
the incoming optical path. 

As shown in Fig. 46, the hologram lens 135 is 
formed by drawing the grating pattern P1 in a central 
region 135a of the transparent substrate 28 and a 
40 grating pattern P12 in a peripheral region 135b sur- 
rounding the central region 1 35a. The grating pattern 
P12 is drawn in a non-concentric shape. Because the 
grating pattern P1 are drawn in the hologram lens 
1 35, a compound objective lens 1 37 having two focal 
45 points is composed of the hologram lens 1 35 and the 
objective lens 27. Light passing through the peripher- 
al region 135b of the hologram lens 135 is detected 
by the photo detector 136 to cancel noises included 
in an information signal. An optical axis of the optical 
50 head apparatus 1 31 passes through a central point of 
the grating pattern P1 and a central axis of the objec- 
tive lens 27. 

The photo detector 136 comprises the quadrant 
photo-detector 64 having the detecting sections SE7 
55 to SE10 and a noise cancelling photo detector 138 for 
detecting the intensity of light passing through the 
peripheral region 135b of the hologram lens 135. Be- 
cause the grating pattern P12 of the peripheral region 

41 



81 



EP 0 610 055 A2 



82 



135b is drawn in the non-concentric shape, light dif- 
fracted in the peripheral region 1 35b is not converged 
on the detecting sections SE7 to SE10. 

In the above configuration, the incident light L3 
linearly polarized in a first direction is radiated from 
the light source 52 and is reflected by the beam split- 
ter 132 because the polarizing separation film 133 
functions as a mirror for the incident light L3 linearly 
polarized in the first direction. Therefore, the incident 
light L3 is directed in an upper direction and is collh 
mated by the collimator lens 134. Thereafter, a part 
of the incident light L3 incident on the central region 
135a of the hologram lens 135 transmits through the 
central region 135a without any diffraction to form 
the transmitted light L4, and a remaining part of the 
incident light L3 incident on the central region 135a of 
the hologram lens 135 is diffracted in the central re- 
gion 135a to form the diffracted light L5. Also, a part 
of the incident light 13 incident on the peripheral re- 
gion 1 35b of the hologram lens 1 35 transmits through 
the peripheral region 135b without any diffraction to 
form a beam of noise cancelling light L14. Thereafter, 
the light L4 f L5 and L14 pass through the 1/4-X plates 
so that the light L4, L5 and L14 linearly polarized in 
the first direction is changed to the light L4, L5 and 
L14 circularly polarized. Thereafter, the light L4, L5 
and L14 are converged by the converging lens 27. 

Thereafter, in cases where a piece of information 
is recorded or reproduced on or from the first Infor- 
mation medium 23 (or the second information me- 
dium 25), the transmitted light L4 (or the diffracted 
light L5) is converged on the information medium 23 
(or 25) to form the converging spot S1 (or S2). There- 
after, a beam of transmitted light L4R (or a beam of 
diffracted light L5R) reflected by the information me- 
dium 23 (or 25) passes through the same optical path 
in the reverse direction. That is, the transmitted light 
L4R (or the diffracted light L5R) is circularly polarized 
in reverse and again passes through the converging 
lens 27 and the 1/4-X plate 69. Therefore, the light 
L4R (or L5R) is linearly polarized in a second direc- 
tion perpendicular to the first direction. Thereafter, a 
part of the transmitted light L4R transmits through 
the central region 135a of the hologram lens 135 with- 
out any diffraction, or a part of the diffracted light L5R 
is again diffracted in the central region 135a. There- 
after, the transmitted light L4R (or the diffracted light 
L5R) is converged by the collimator lens 134 and 
passes through the beam splitter 132 without any re- 
flection because the polarizing separation f ilm 133 
functions as a transparent plate for the light L4R (or 
L5R) linearly polarized in the second direction. In this 
case, an astigmatic aberration is generated in the 
transmitted light L4R (or the diffracted light L5R) in 
the same manner as in the seventh embodiment. 
Thereafter, the transmitted light L4R (or the diffract- 
ed light L5R) is incident on the detecting sections SE7 
to SE1 0 of the photo detector 136 to form a converg- 



ing spot S20 of which the shape is the same as the 
converging spot S10 shown in Figs. 29A to 29C. The 
intensity of the transmitted light L4R (or the diffracted 
light L5R) is changed to electric current signals SC21 
5 to SC24 in the detecting sections SE7 to SE10. 
Therefore, servo signals such as a focus error signal 
and a tracking error signal are obtained in the same 
manner as in the seventh embodiment, so that the 
position of the compound objective lens 137 is adjust- 
to ed to converge the transmitted light L4 (or the dif- 
fracted light L5) on the information medium 23 (or 25) 
in focus. Also, an information signal expressing a 
piece of information recorded on the information me- 
dium 23 (or 25) is obtained according to an equation 

15 (12 ^ = SC21 + SC22 + SC23 + SC24 (12) 

Also, the noise cancelling light L14 is converged 
on the information medium 23 to form a converging 
spot surrounding the converging spot S1 . Thereafter, 
20 a beam of noise cancelling light L14R reflected by the 
first information medium 23 passes through the same 
optical path in the reverse direction. That is, the noise 
cancelling light L14R again passes through the con- 
verging lens 27 and the 1/4-X plate 69, and a part of 
25 the noise cancelling light L14R is diffracted and con- 
verged in the peripheral region 135b of the hologram 
lens 1 35 and is incident on the noise cancelling photo 
detector 138. In the photo detector 138, an output sig- 
nal SC25 Is generated according to the intensity of 
so the noise cancelling light L14R. Thereafter, a noise 
cancelled information signal S w expressing a piece of 
information recorded on the first information medium 
23 is obtained by adding all of the signals according 
to an equation (13): 
35 S nc = (SC21 + SC22 + SC23 + SC24) ♦ R * 
SC25 (13), 
where the symbol R is a weighting factor. 

In this case, because the term R x SC25 is added 
to obtain the information signal S^, inverse influence 
40 of noises included in the term (SC21 + SC22 * SC23 
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+ SC24) on the noise cancelled information signal s nc 
can be reduced. The reason is described. 

As is well known (for example, Japanese Patent 
Gazette No. 22452 of 1990 laid open to public inspec- 
45 tion on July 23, 1985 under Provisional Publication 
No 138748 of 1985 and Published Unexamined Pa- 
tent Application No. 131245 of 1986). signals ex- 
pressing pieces of information recorded on an optical 
disk shifts to a higher frequency as the density of the 
so information recorded becomes high. Also, the ampli- 
tude of a signal having a high frequency becomes low 
as compared with that of a signal having a low fre- 
quency in cases where the signals are produced ac- 
cording to light passing through a central region of a 
55 hologram lens. In contrast, the amplitude of a signal 
having a high frequency is emphasized in cases 
where the signal is produced according to light pass- 
ing through a peripheral region of the hologram lens. 
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Therefore, in cases where the information signal Snc 
is obtained according to the equation (13), high fre- 
quency components included in the information sig- 
nal S TO is emphasized, and low frequency noise com- 
ponents included in the term (SC21 * SC22 + SC23 
+ SC24) are comparatively reduced. As a result, a sig- 
nal-noise ratio in the information signal can be en- 
hanced. 

Accordingly, because the compound objective 
lens having two focal points is utilized In the optical 
head apparatus 131 , pieces of information can be re- 
liably recorded or reproduced or or from an informa- 
tion medium regardless of whether the information 
medium is thick or thin. 

Also, even though pieces of information are 
densely recorded in a thin type of high density optical 
disk represented by the first information medium 23, 
the information signal S^can be reliably reproduced 
at a high signal-noise ratio. 

Also, because the intensity of the light L4R or 
L5R incident on the detecting sections SE7 to SE10 
of the photo detector 136 is reduced by converging 
the noise cancelling light L14R on the photo detector 
138, a positioning accuracy of the photo detector 136 
can be coarsely lowered to 1/100. 

Also, in cases where the grating pattern P12 of 
the peripheral region 135b functions as a lens for the 
incident light L3 diffracted in the peripheral region 
135b, unnecessary diffracted light generated In the 
peripheral region 135b on the outgoing optical path 
forms a comparatively large converging spot In defo- 
cus on the first information medium 23. Therefore, 
pieces of information recorded on the first informa- 
tion medium 23 are read by the unnecessary diffract- 
ed light, and the information are treated as a piece of 
averaged information in the photo detector 136 even 
though the unnecessary diffracted light is incident on 
the photo detector 136. Accordingly, the information 
read by the unnecessary diffracted light does not ad- 
versely influence on the information signal as a 
noise. 

Also, in cases where a transmission efficiency of 
the peripheral region 135b of the hologram lens 135 
is set to agree with another transmission efficiency of 
the central region 135a, secondary maxima (or side 
lobes) occurring around the converging spot S1 can 
be lowered as compared with the first embodiment. 
Accordingly, a signal-noise ratio in the information 
signal can be enhanced. 

(Fifteenth Embodiment) 

An optical head apparatus in which noises includ- 
ed in an information signal are reduced is described 
with reference to Figs. 47 to 49 according to a fif- 
teenth embodiment of the present invention. 

Fig. 47 is a constitutional view of an optical head 
apparatus according to a fifteenth embodiment Fig. 



48 is a plan view of a hologram lens utilized in the opt- 
ical head apparatus shown in Fig. 47. 

As shown in Fig. 47, an optical head apparatus 

141 for recording or reproducing pieces of infbrma- 
5 tion on or from the information medium 23 or 25, com- 
prises the light source 52, the beam splitter 82, the 
collimator lens 134, a hologram lens 142 for transmit- 
ting a part of the incident light L3 without any diffrac- 
tion and diffracting a remaining part of the incident 

w light L3, the objective lens 27, the actuating unit 58, 
and a photo detector 143 for detecting the light trans- 
mitting through or diffracted by the hologram lens 

142 on the incoming optical path. 

As shown in Fig. 48, the hologram lens 142 is par- 
ts titioned into a central region 142a in which the grating 
pattern P1 is drawn, a pair of side peripheral regions 
142b, 142c in which grating patterns P13, P14 are 
drawn to cancel noises included in an information sig- 
nal, and a pair of no-designed regions 142d, 142e in 
20 which no grating pattern is drawn not to reduce the in- 
tensity of light Because the grating pattern P1 are 
drawn in the hologram lens 135, a compound objec- 
tive lens 144 having two focal points is composed of 
the hologram lens 142 and the objective lens 27. An 
25 optical axis of the optical head apparatus 141 passes 
through a central point of the grating pattern P1 and 
a central axis of the objective lens 27. 

The photo detector 143 comprises the quadrant 
photo-detector 64 having the detecting sections SE7 
30 to SE10, a pair of noise cancelling photo detector 
1 38a, 1 38b for detecting the Intensity of light passing 
through the peripheral region 142b, 142c of the holo- 
gram lens 142. 

In the above configuration, the transmitted light 
35 L4 (or the diffracted light L5) generated in the central 
region 142a of the hologram lens 1 42 is converged on 
the first information medium 23 (or the second infor- 
mation medium 25) in an outgoing optical path to form 
the converging spotSI (or S2). Thereafter, the trans- 
40 mitted light L4R (or the diffracted light L5R) passes 
through the same optical path in the reverse direc- 
tion. That is, the transmitted light L4R (or the diffract- 
ed light L5R) again passes through the converging 
lens 27, and a part of the transmitted light L4R trans- 
45 mits through the central region 142a of the hologram 
lens 142 without any diffraction or a part of the dif- 
fracted light L5R is again diffracted in the central re- 
gion 142a. Thereafter, the transmitted light U4R (or 
the diffracted light L5R) is converged by the collima- 
50 tor lens 1 34 and passes through the beam splitter 82. 
In this case, an astigmatic aberration is generated in 
the transmitted light L4R (or the diffracted light L5R) 
in the same manner as in the seventh embodiment 
Thereafter, the transmitted light L4R (or the diff ract- 
55 ed light L5R) is incident on the detecting sections SE7 
to SE10 of the photo detector 143 to form a converg- 
ing spot S21 of which the shape is the same as the 
converging spot S10 shown in Figs. 29A to 29C. The 
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intensity of the transmitted light L4R (or the diffracted 
light L5R) is changed to electric current signals SC26 
to SC29 in the detecting sections SE7 to SE10. 
Therefore, servo signals such as a focus error signal 
and a tracking error signal are obtained in the same 
manner as in the seventh embodiment, so that the 
position of the compound objective lens 144 is adjust- 
ed to converge the transmitted light L4 (or the dif- 
fracted light L5) on the information medium 23 (or 25) 
in focus. Also, an information signal recorded on the 
second information medium 25 is obtained according 
to an equation (14). 

Sto = SC26 + SC27 «• SC28 «• SC29 (14) 
Also, a part of the incident light L3 incident on the 
peripheral region 142b of the hologram lens 142 
transmits through the peripheral region 142b without 
any diffraction to form a beam of noise cancelling 
light L15, and a part of the incident light L3 incident 
on the peripheral region 142c of the hologram lens 
142 transmits through the peripheral region 142c 
without any diffraction to form a beam of noise can- 
celling light L16. Thereafter, the noise cancelling light 
L15, L16 are converged on the information medium 
23 to form a converging spot surrounding the con- 
verging spot S1. Thereafter, beams of noise cancel- 
ling light L15R. L16R reflected by thef irst information 
medium 23 passes through the same optical path in 
the reverse direction. That is, the noise cancelling 
light L15R, L16R again passes through the converg- 
ing lens 27. A part of the noise cancelling light L15R 
is diffracted and converged in the peripheral region 
142b of the hologram lens 142 and is incident on the 
noise cancelling photo detector 138a, and a part of 
the noise cancelling light L16R is diffracted and con- 
verged in the peripheral region 142c of the hologram 
lens 142 and is incident on the noise cancelling photo 
detector 138b. In the photo detector 138a, an output 
signal SC30 is generated according to the intensity of 
the noise cancelling light L15R. Also, an output signal 
SC31 is generated according to the intensity of the 
noise cancelling light L16R in the photo detector 
138b. Thereafter, a noise cancelled information sig- 
nal Spc expressing the information recorded on the 
first information medium 23 is obtained by adding all 
of the signals according to an equation (15): 
Snc = (SC26 + SC27 + SC28 + SC29) + 
R x (SC30 + SC31) (15), 
where the symbol R is a weighting factor. 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 
head apparatus 141 , pieces of information can be re- 
liably recorded or reproduced from an information 
medium regardless of whether the information me- 
dium is thick or thin. 

Also, a signal-noise ratio in the information signal 
S„c can be enhanced in the same manner as in the 
fourteenth embodiment 

Also, even though pieces of information are 



densely recorded in a thin type of high density optical 
disk represented by the first information medium 23, 
the information signal can be reliably reproduced 
at a high signal- noise ratio. 
5 Also, because the intensity of the light L4R or 

L5R incident on the detecting sections SE7 to SE10 
of the photo detector 143 is reduced by converging 
the noise cancelling light L1 5R, L1 6R on the photo de- 
tectors 138a, 138b, a positioning accuracy of the pho- 
to to detector 143 can be coarsely lowered to 1/100. 

Also, in cases where the grating patterns P13, 
P14 of the peripheral regions 142b, 142cf unctions as 
a lens for the incident light L3 diffracted in the periph- 
eral region 142b, 142c, unnecessary diffracted light 
15 generated by diffracting the incident light L3 in the 
peripheral regions 142b, 142c on the outgoing optical 
path forms a comparatively large converging spot in 
defocus on the first information medium 23. Also, an 
numerical number of each of the peripheral regions 
20 1 42b, 1 42c is lowered as compared with that of the re- 
gion 1 35b in the fourteenth embodiment because the 
hologram lens 142 are partitioned into many fields. 
Therefore, the size of the converging spot of the un- 
necessary diffracted light formed in defocus on the 
25 first information medium 23 becomes larger than that 
in the fourteenth embodiment. As a result, more 
pieces of information recorded on the first informa- 
tion medium 23 are read by the unnecessary diffract- 
ed light and the information are treated as a piece of 
30 averaged Information in the photo detector 143 even 
though the unnecessary diffracted light is incident on 
the photo detector 143. Accordingly, the information 
read by the unnecessary diffracted light is moreover 
averaged, and the averaged information does not ad- 
35 versely influence on the information signal as a 
noise. 

Also, as shown in Figs. 49A, 49B, the unneces- 
sary diffracted light can be prevented from being in- 
cident on the photo detector 64 in which each of the 
40 detecting sections SE7 to SE10 has StO square in 
size. In detail, in cases where light generated in the 
peripheral region 142c on the outgoing optical path is 
again diffracted in the peripheral region 142b to form 
a beam of unnecessary diffracted light tu n , the light 
45 Lu, is converged on a f irst position PT1 spaced SP1 
(SP1 > SLO) from the center of the photo detector 64. 
In cases where light generated in the peripheral re- 
gion 142b on the outgoing optical path is again dif- 
fracted in the peripheral region 142c to form a beam 
so of unnecessary diffracted light Lu* the light Lu 2 is 
converged on a second position PT2 spaced SP2 
(SP2 > SLO) from the center of the photo detector 64. 
In cases where light generated in the peripheral re- 
gions 142b, 142c on the outgoing optical path are 
55 again diffracted in the same peripheral regions 142b, 
142c to form beams of unnecessary diffracted light 
Lu 3 , Liu. the light Lu*. Lm are converged on third and 
fourth position PT3, PT4 spaced SP3 (SP3 > SLO), 
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SP4 (SP4 > SLO) from the center of the photo detector 
64. Accordingly, the adverse influence of the unnec- 
essary diffracted light Lu 1 to Lu 4 can be prevented. 

In cases where the light source 52 is formed of a 
semiconductor laser, a far field pattern of the incident 
light L3 incident on the hologram lens 142 is distrib- 
uted in the Gaussian distribution as shown in Fig. 
13A, and a cross-sectional beam profile of the inci- 
dent light L3 distributed in the Gaussian distribution 
is in an elliptic shape. That is, a beam divergent angle 
(or a full angle at half maximum) of the incident light 
L3 In a perpendicular direction is larger than that in a 
horizontal direction. In this embodiment, the perpen- 
dicular direction of the incident light L3 is directed in 
an X2 direction shown in Fig. 48, and the horizontal 
direction of the incident light L3 is directed in a Y2 di- 
rection shown in Fig. 48. In this case, because a 
transmission efficiency of the regions 142b, 142c for 
the incident light L3 is smaller than that of the regions 
142d, 142e, the intensity of the incident light L3 trans- 
mitting through the hologram lens 142 without any 
diffraction is largely reduced in the perpendicular di- 
rection as compared with that in the horizontal direc- 
tion. Therefore, the cross-sectional beam profile of 
the incident light L3 is corrected to a circular shape in 
the hologram lens 142. That is, the converging spot 
S1 formed on the first information medium 23 is cor- 
rected to the circular shape. Accordingly, secondary 
maxl ma (or side lobes) occurring around the converg- 
ing spot S1 can be lowered, and a signaJ-notse ratio 
of the information signal can be enhanced. 

In the fifteenth embodiment, the noise cancelled 
information signal is obtained according to the 
equation (15). However, it is preferred that the noise 
cancelled information signal S K be obtained accord- 
ing to the equation (16): 

Snc = (SC26 + SC27 + SC28 + SC29) + 
(R1 x SC30 * R2 x SC31) (16), 
where the symbols R1.R2 are weighting factors. In 
this case, the noises included in the information can 
be moreover reduced. 

(Sixteenth Embodiment) 

An optical head apparatus manufactured in a 
small size and stably operated is described with ref- 
erence to Figs. 50. 51 according to a sixteenth em- 
bodiment of the present invention. 

Fig. 50 is a constitutional view of an optical head 
apparatus according to a sixteenth embodiment Fig. 
51 is a diagonal view of a light source and photo de- 
tectors utilized in the optical head apparatus shown 
in Fig. 50. 

As shown in Fig. 50. an optical head apparatus 
1 51 for recording or reproducing pieces of information 
on or from the information medium 23 or 25, compris- 
es the light source 52 for radiating the incident light 
L3 linearly polarized in a non-diffracting direction 



parallel to an X3 axis, an holographic element 152 for 
transmitting through the incident light L3 without any 
diffraction on an outgoing optical path and diffracting 
the transmitted light L4R or the diffracted light L5R 
5 linearly polarized in a diffracting direction parallel to 
a Y3 axis on an incoming optical path, the collimator 
lens 53, the 1/4-X plate 69, the hologram lens 26 (or 
26M, 32, 33, 42, 135 or 142). the objective lens 27, 
the actuating unit 58, and a photo detector 1 53 for de- 
10 tecting the intensity of the light L4R or L5R diffracted 
by the holographic element 152. 

As shown in Fig. 51, the light source 52 and the 
photo detector 153 are located on a substrate 154 to 
precisely fix a relative position between the light 
15 source 52 and the photo detector 153. The photo de- 
tector 153 comprises the sextant photo-detector 59 
having the detecting sections SE1 to SE6 and the 
tracking photo-detectors 60a to 60d. Also, a mirror 
element 155 is located on the substrate 154 to direct 
20 the incident light L3 radiated from the light source 52 
in a Z3 direction. 

The holographic element 1 52 is produced by pro- 
ton-exchanging surface parts of a lithium niobate 
substrate or by utilizing a liquid crystal cell, as is de- 
25 scribed in Provisional Publication No. 189504/86 
(S61-1 89504) and Provisional Publication No. 
241 735/88 (S63-241 735). Therefore, light linearly po- 
larized in a non-diffracting direction parallel to an X3 
axis transmits through the holographic element 152 
30 without any diffraction. In contrast, light linearly po- 
larized in a diffracting direction parallel to a Y3 axis 
which is perpendicular to the X3 axis is diffracted by 
the holographic element 152. 

In the above configuration, the incident light L3 
35 linearly polarized in a non-diffracting direction paral- 
lel to an X3 axis is radiated from the light source 52 
and transmits through the holographic element 152 
without any diffraction. Thereafter, the incident light 
L3 is collimated by the collimator lens 53, and the in- 
40 cident light L3 linearly polarized is changed to the in- 
cident light L3 circularly polarized by the 1/4-X plate 
69. Thereafter, a part of the incident light L3 transmits 
through the hologram lens 26 without any diffraction 
to form the transmitted light L4, and a remaining part 
45 of the incident light L3 is diffracted by the hologram 
lens 26 to form the diffracted light L5. Thereafter, the 
light L4, L5 are converged by the objective lens 27, 
and the converging spot S1 of the transmitted light L4 
(or the converging spot S2 of the diffracted light L5) 
so is formed on the first information medium 23 (or the 
second information medium 25). When the light L4 or 
L5 is reflected by the information medium 23 (or 25) 
and is changed to the light L4R (or L5R). a rotational 
direction of the circular polarization in the light L4 is 
55 reversed. Therefore, the light L4R (or L5R) having the 
reversed circular polarization passes through the 
same optical path in the opposite direction. That is, 
the transmitted light L4R (or the diffracted light L5R) 

45 
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again passes through the converging lens 27, and a 
part of the transmitted light L4R transmits through 
the hologram lens 142 without any diffraction or a 
part of the diffracted light L5R is again diffracted by 
the hologram lens 142. Thereafter, the transmitted 
light L4R (or the diffracted light L5R) circularly pola- 
rized in reverse is changed to the light L4R (or L5R) 
linearly polarized in a diffracting direction parallel to 
a Y3 axis by the 1/4-X plate 69. Thereafter, the light 
L4R (or L5R) is converged by the collimator lens 53 
and is diffracted by the holographic element 152 to 
form a plurality of converging spots on the photo de- 
tectors 153. Therefore, an information signal ex- 
pressing a piece of information recorded on the infor- 
mation medium 23 (or 25) and servo signals such as 
a focus error signal and a tracking error signal are ob- 
tained in the photo detector 153 in the same manner 
as in the sixth embodiment. 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 
head apparatus 1 51 , pieces of information can be re- 
liably recorded or reproduced or or from an informa- 
tion medium regardless of whether the information 
medium is thick or thin. 

Also, because all of the incident light L3 transmits 
through the holographic element 152 on the outgoing 
optical path and because all of the light L4R or L5R 
is diffracted by the holographic element 152 on the in- 
coming optical path, a utilization efficiency of the in- 
cident light L3 can be enhanced. Therefore, even 
though a radiation Intensity of the incident light L3 In 
the light source 52 is low, the information signal and 
the servo signals having a high signal-noise ratio can 
be reliably obtained. 

Also, because no beam splitter is utilized in the 
optical head apparatus 151, the optical head appara- 
tus 151 can be manufactured at a small size, in a light 
weight, and at a low cost. 

Also, because optica! parts of the optical head 
apparatus 151 are located along its optical axis, the 
optical head apparatus 151 stably operated can be 
obtained even though a circumstance temperature 
largely varies and the apparatus is operated for a long 
time. 

Also, because the light L4R or L5R transmitting 
through the holographic element 152 without any dif- 
fraction on the incoming optical path is not required, 
it is preferred that a diffraction efficiency of the holo- 
graphic element 152 be heightened to set a transmis- 
sion efficiency of the holographic element 152 to al- 
most zero. In this case, a combination of the holo- 
graphic element 152 and the 1/4-X plate 69 function 
functions as an isolator to prevent the light L4R or 
L5R from returning to the light source 52. Therefore, 
in cases where a semiconductor laser is utilized as 
the light source 52, any light does not return to an ac- 
tive layer of the semiconductor laser. Accordingly, 
noises Induced by the light returning to the semicon- 



ductor laser can be prevented. 

Also, because the light source 52 and the photo 
detector 153 are located on the same substrate 154. 
the light source 52 and the photo detector 1 53 can be 
5 closely arranged each other. Therefore, a relative 
position between the light source 52 and the photo 
detector 153 can be easily set at a high accuracy. For 
example, the relative position can be set at an accu- 
racy within several \im. Accordingly, a manufacturing 
w cost of the optical head apparatus 151 can be low- 
ered, and the optical head apparatus 151 can be 
moreover manufactured at a small size, in a light 
weight, and at a low cost. 

Also, the light source 52 is electrically connected 
is with an external circuit through first wirings, and the 
photo detector 153 is electrically connected with an- 
other external circuit through second wirings. In this 
case, because the light source 52 and the photo de- 
tector 1 53 are located on the same substrate 1 54, the 
20 first and second wirings can pass on an X3-Y3 plane 
in common. Therefore, the light source 52 and the 
photo detector 153 can be easily and automatically 
connected with the external circuits. In addition, be- 
cause reference lines required to connect the light 
25 source 52 and the photo detector 153 with the exter- 
na! circuits are only drawn on the X3-Y3 plane, the rel- 
ative position between the light source 52 and the 
photo detector 153 can be easily set at a high accu- 
racy. 

30 In the sixteenth embodiment, the optical head 

apparatus 151 with the holographic element 152 is 
described. However, in cases where the intensity of 
the incident light L3 is sufficient, it is applicable that 
a hologram having a small grating pitch or a blazed 

35 hologram be utilized in place of the holographic ele- 
ment 152. In this case, pieces of information can be 
reliably recorded or reproduced on or from an infor- 
mation medium regardless of whether the informa- 
tion medium is thick or thin. Also, because no beam 

40 splitter is utilized in the optical head apparatus 151, 
the optical head apparatus 151 can be manufactured 
at a small size, in a light weight, and at a tow cost. 
Also, because optical parts of the optical head appa- 
ratus 1 51 are located along its optical axis, the optical 

45 head apparatus 151 stably operated can be obtained 
even though a circumstance temperature largely va- 
ries and the apparatus is operated for a long time. 

(Seventeenth Embodiment) 

50 

An optical head apparatus manufactured in a 
small size and stably operated is described with ref- 
erence to Fig. 52 according to a seventeenth embodi- 
ment of the present invention. 
55 Fig. 52 is a constitutional view of an optical head 

apparatus according to a seventeenth embodiment 
As shown in Fig. 52, an optical head apparatus 
161 for recording or reproducing pieces of informa- 

46 



91 



EP 0 610 055 A2 



92 



tion on or from the information medium 23 or 25, com- 
prises the light source 52 for radiating the incident 
light L3 linearly polarized in a first direction, the col- 
limator lens 53, a polarizing separation film 162 
formed on a front surface of a transparent substrate 
162 for reflecting the incident light L3 linearly pola- 
rized in the first direction and transmitting light line- 
arly polarized in a second direction perpendicular to 
the first direction, the 1/4-X plate 69. the hologram 
lens 26 (or 26M, 32, 33, 42, 135 or 142), the objective 
lens 27, the actuating unit 58, a reflection-type holo- 
gram 164 formed on a rear surface of the transparent 
substrate 162 for diffracting and reflecting the light 
L4R, L5R, and the photo detector 57. 

In the above configuration, the incident light L3 
linearly polarized in a first direction is radiated from 
the light source 52 and is colli mated by the collimator 
lens 53. Thereafter, all of the incident light L3 is re- 
flected by the polarizing separation film 162 because 
the incident light L3 is linearly polarized in the first di- 
rection. Therefore, the incident light L3 is directed in 
an upper direction. Thereafter, the linear polarization 
of the incident light L3 is changed to a circular polar- 
ization in the 1/4-X plate 69, and a part of the incident 
light L3 transmits through the hologram lens 26 to 
form the transmitted light L4. Also, a remaining part 
of the incident light L3 is diffracted by the hologram 
lens 26 to form the diffracted light L5. Thereafter, the 
light L4, L5 are converged by the objective lens 27. 
and the converging spot S1 of the transmitted light L4 
(or the converging spot S2 of the diffracted light L5) 
is formed on the first information medium 23 (or the 
second information medium 25). Thereafter, the 
transmitted light L4R (or the diffracted light L5R) cir- 
cularly polarized in reverse again passes through the 
converging lens 27 in the same manner as in the six- 
teenth embodiment, and a part of the transmitted 
light L4R transmits through the hologram lens 26 
without any diffraction or a part of the diffracted light 
L5R is again diffracted by the hologram lens 26. 
Thereafter, the transmitted light L4R (or the diffract- 
ed light L5R) circularly polarized in reverse is 
changad to the light L4R (or L5R) linearly polarized in 
a second direction perpendicular to the first direction 
by the 1/4-X plate 69. Thereafter, all of the light L4R 
(or L5R) is refracted by the polarizing separation film 
162 and is diffracted and reflected by the hologram 
164. Thereafter, the light L4R (or L5R) transmits 
through the polarizing separation film 162 and is con- 
verged by the collimator lens 53 to form a plurality of 
converging spots on the photo detector 57. Therefore, 
an information signal expressing a piece of informa- 
tion recorded on the information medium 23 (or 25) 
and servo signals such as a focus error signal and a 
tracking error signal are obtained in the photo detec- 
tor 57 in the same manner as in the sixth embodiment. 

Accordingly, because the compound objective 
lens having two focal points is utilized in the optical 



head apparatus 161 . pieces of information can be re- 
liably recorded or reproduced on or from an informa- 
tion medium regardless of whether the information 
medium is thick or thin. 

5 Also, because the incident light L3 incident on the 

polarizing separation film 162 is colli mated, a reflec- 
tivityfor the incidentlight L3 is uniform over the entire 
film 162. Therefore, a diffraction-limited spot of the 
light L4 or L5 can be easily formed on the information 

w medium 23 or 25. Also, because the light L4R, L5R in- 
cident on the polarizing separation f ilm 162 are col^ 
mated, a transmissivity for the light L4R. L5R fe uni- 
form over the entire film 1 62. Therefore, an offset oc- 
curring in the servo signals can be prevented. 

15 Also, because all of the incident light L3 transmits 

through the hologram 164 on the outgoing optical 
path and because all of the light L4R or L5R is dif- 
fracted by the hologram 164 on the incoming optical 
path, a utilization efficiency of the incident light L3 

20 can be enhanced. Therefore, even though a radiation 
intensity of the incident light L3 in the light source 52 
is low, the information signal and the servo signals 
having a high signal-noise ratio can be reliably ob- 
tained. 

25 Also, because a hybrid element composed of the 

film 162, the substrate 163 and the hologram 164 
functions as a beam splitter and a rising mirror, the 
optical head apparatus 161 can be manufactured at 
a small size, in a light weight, and at a low cost 

30 Also, because optical parts of the optical head 

apparatus 161 are located along its optical axis, the 
optical head apparatus 161 stably operated can be 
obtained even though a circumstance temperature 
largely varies and the apparatus is operated for a long 

35 time. 

Also, a combination of the film 162 and the 1/4- 
X plate 69 function functions as an isolator to prevent 
the light L4R or L5R from returning to the light source 
52. Therefore, in cases where a semiconductor laser 
40 is utilized as the light source 52, any I ight does not re- 
turn to an active layer of the semiconductor laser. Ac- 
cordingly, noises induced by the light returning to the 
semiconductor laser can be prevented. 

Also, it is preferred that the hologram 164 be 
45 blazed. In this case, because the generation of un- 
necessary diffracted light such as minus first-order 
diffracted light in the hologram 164 is prevented, a 
diffraction efficiency of the hologram 164 for chang- 
ing light to first-order diffracted light can be set to al- 
so most 1 00%. Therefore, the incident light L3 can be ef- 
ficiently utilized to obtain the signals. 

Also, because light incident on the hologram 164 
is diffracted to first-order diffracted light, a chromatic 
aberration occurring in the light L4R, L5R can be 
55 compensated in the hologram 164. Therefore, the 
servo signals can be stably obtained. 

In the seventeenth embodiment the collimator 
lens 53 is located between the light source 52 and the 
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film 162. However, the collimator lens 53 is not nec- 
essary In the optical head apparatus 161. 

Also, the optical head apparatus 161 with the film 
162 and the 1/4-X plate 69 is described. However, in 
cases where the intensity of the incident light L3 is 5 
sufficient, it is applicable that a reflection film having 
a reflectivity of almost 1/3 be utilized in place of the 
film 162 and the 1/4-X plate 69 be omitted. In this 
case, pieces of information can be reliably recorded 
or reproduced on or from an information medium re- 10 
gardless of whether the information medium is thick 
or thin. Also, because a hybrid element composed of 
the film 162, the substrate 163 and the hologram 164 
functions as a beam splitter and a rising mirror, the 
optical head apparatus 161 can be manufactured at 15 
a small size, in a light weight, and at a low cost Also, 
because optical parts of the optical head apparatus 
161 are located along its optical axis, the optical head 
apparatus 161 stably operated can be obtained even 
though a circumstance temperature largely varies 20 
and the apparatus is operated for a long time. 

In the sixth to seventeenth embodiments, pieces 
of information can be reliably recorded or reproduced 
on or from an information medium regardless of 
whether the information medium represents a con- 25 
ventional optical disk such as a compact disk having 
a thickness T2 of about 1.2mm or a prospective high 
density optical disk having a thickness T1 ranging 
from 0.4mm to 0.8mm. However, when the informa- 
tion recorded or reproduced on or from the informa- 30 
tion medium, It is required to examine the thickness 
of the information medium in advance. Therefore, in 
cases where a piece of distinguishing information is 
recorded on the information medium in advance to 
distinguish the thickness of the information medium, 35 
it is convenient for a user. Because no distinguishing 
information is recorded on the conventional optical 
disk, it is preferred that the distinguishing information 
be recorded on the prospective high density optical 
disk appearing on the market in the future. Therefore, 40 
a high density optical disk with the distinguishing in- 
formation is described according to eighteenth and 
nineteenth embodiments. 

(Eighteenth Embodiment) 45 

Fig. 53 is a diagonal view of a high density optical 
disk according to an eighteenth embodiment, a cross 
sectional view of the disk being partially shown. 

As shown In Fig. 53. a high density optical disk so 
1 71 is partitioned into an outer region 171a and an in- 
ner region 171b. The outer region 171a occupies a 
large part of the optical disk 171, and an information 
recording substrate 1 7 1 c of the outer region 1 71 a has 
the thickness T1, and the information recording sub- 55 
strate 171c of the inner region 171bhasthe thickness 
T2. A plurality of first recording pits 172 are formed 
on the information recording substrate 171c of the 



outer region 171a at narrow intervals in series to re- 
cord pieces of information at a high density. Also, a 
plurality of second recording pits 173 are formed on 
the information recording substrate 171c of the inner 
region 171b at ordinary intervals in series to record 
pieces of distinguishing information at an ordinary 
density of a compact disk. The distinguishing infor- 
mation inform that the optical disk 171 has the thick- 
ness T1. The thickness T1 of the outer region 171a , 
for example, ranges from 0.4mm to 0.8mm, and the 
thickness T2 of the inner region is, for example, about 
12mm. 

In the above configuration, the diffracted light L5 
according to the first or second embodiment (or the 
transmitted light L4 according to the third embodi- 
ment) is initially converged on an inner region of the 
information medium 23, 25 while performing a focus 
control corresponding to the second information me- 
dium 25 having the thickness T2. In cases where the 
information medium 23 or 25 Is the optical disk 171, 
a piece of distinguishing information informing that 
the optical disk 171 having the thickness T1 is con- 
verged by the light L5 (or L4) is detected. Thereafter, 
the transmitted light L4 (or the diffracted light L6) is 
automatically converged on the outer region 171a of 
the optical disk 171 while performing a focus control 
corresponding to the first information medium 23 
having the thickness T1. 

In contrast, In cases where the information me- 
dium 23 or 25 is a thick type of conventional optical 
disk having a thickness T2, no distinguishing Informa- 
tion is detected when the light L5 (or l_4) is converged 
on the inner region 171b of the conventional optical 
disk. In this case, the focus control corresponding to 
the second information medium 25 is continued to de- 
tect an information signal expressing a piece of infor- 
mation recorded on the conventional optical disk. 

Accordingly, in cases where one of the optical 
head apparatuses shown in Figs. 21, 27, 30, 31, 32, 
33, 37, 38, 40A, 43, 44, 60 and 52 is utilized, pieces 
of information can be automatically recorded or re- 
produced on or from an information medium regard- 
less of whether the information medium is thin or 
thick. 

Also, because only the distinguishing informa- 
tion is recorded in the inner region, the inner region 
can be small. Therefore, a memory capacity of the 
optical disk 171 is not lowered by the addition of the 
second recording pit 173. 

(Nineteenth Embodiment) 

Fig. 54 is a diagonal view of a high density optical 
disk according to a nineteenth embodiment a cross 
sectional view of the disk being partially shown. 

As shown in Fig. 54, a high density optical disk 
174 is partitioned into an outer region 174a and an in- 
ner region 174b. The outer region 174a occupies a 
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large part of the optical disk 174. The optical disk 174 
has a uniform thickness of T1 . The f irst recording pits 
172 are formed on an information recording substrate 
174c of the outer region 174a to record pieces of in- 
formal ton at a high density. Also, a plurality of second 
recording pits 175 having a large size are formed on 
the information recording substrate 174c of the inner 
region 174b at wide intervals to record pieces of dis- 
tinguishing information at a lower density than the or- 
dinary density. The distinguishing information inform 
that the entire optical disk 1 74 has the thickness T1 . 
The thickness T1 of the optical disk 1 74, for example, 
ranges from 0.4mm to O.Bmm. 

In the above configuration, the diffracted light L5 
according to the first or second embodiment (or the 
transmitted light L4 according to the third embodi- 
ment) is initially converged on an inner region of the 
information medium 23 or 25 while performing a fo- 
cus control corresponding to the second information 
medium 25 having the thickness T2. In cases where 
the information medium 23 or 25 is the optical disk 
174, the light L5 (or L4) is converged on each of the 
second recording pits 175 in defocus. However, be- 
cause each of the second recording pits 175 is large 
in size, a converging spot of the light L5 (or L4) is re- 
liably formed in one of the second recording pits 175. 
Therefore, a piece of distinguishing information, 
which informs that the optical disk 174 having the 
thickness T1 is converged by the light L5 (or L4), Is de- 
tected. Thereafter, the transmitted light L4 (or the dif- 
fracted light L6) Is automatically converged on the 
outer region 174a of the optical disk 174 while per- 
forming a focus control corresponding to the first in- 
formation medium 23 having the thickness T1. 

In contrast, in cases where the information me- 
dium 23 ox 25 is a thick type of conventional optical 
disk having a thickness T2, no distinguishing informa- 
tion is detected when the light L5 (or L4) is converged 
on the inner region 174b of the conventional optical 
disk. In this case, the focus control corresponding to 
the second information medium 25 Is continued to de- 
tect an information signal expressing a piece of infor- 
mation recorded on the conventional optical disk. 

Accordingly, in cases where one of the optical 
head apparatuses shown in Figs. 21, 27, 30, 31, 32, 
33, 37, 38, 40A, 43, 44, 50 and 52 is utilized, pieces 
of information can be automatically recorded or re- 
produced on or from an information medium regard- 
less of whether the information medium is thin or 
thick. 

Also, because only the distinguishing information 
is recorded in the inner region of the optical disk 174, 
the inner region can be small. Therefore, a memory 
capacity of the optical disk 174 is not lowered by the 
addition of the second recording pit 173. 

Also, because the thickness of the optical disk 
174 is uniform, the optical disk 174 can be easily 
manufactured at a low cost Also, the optical disk 174 



can be thinned. 
(Twentieth Embodiment) 

5 An optical disk apparatus with one of the optical 

head apparatuses in which it is automatically judged 
whether a high density optical disk having the thick- 
ness T1 or a conventional optical disk having the 
thickness T2 is utilized is described. 

10 Fig. 55 is a block diagram of an optical disk ap- 

paratus with one of the optical head apparatuses 
shown in Figs. 21, 27, 30, 31 , 32, 33, 37, 38, 40A, 43, 
44, 50 and 52 according to a twentieth embodiment 
Fig. 56 is a flow chart showing the operation of the 

15 optical disk apparatus shown in Fig. 55. 

As shown in Fig. 55, an optical disk apparatus 

176 for recording or reproducing pieces of informa- 
tion on or from the high density optical disk 171 (or 
174) or the conventional optical disk 25, comprises 

20 the optical head apparatus 51 (or 61, 65, 67, 70, 71, 
81, 91, 101, 111, 121, 151 or 161), a moving means 

177 such as a feed mechanism for moving the optical 
head apparatus 51 to a prescribed position, and a ro- 
tating means 178 such as a spindle motor for rotating 

25 the high density optical disk 1 71 (or 1 74) or the con- 
ventional optical disk 25. 

In the above configuration, the high density opt- 
ical disk 171 or the conventional optical disk 25 is set 
to a prescribed position of the optical disk apparatus 
30 1 76, and the optical disk 1 71 or 25 Is rotated by the 
rotating means 178. Thereafter, the optical head ap- 
paratus 51 is moved to a position just under an inner- 
most recording track of the optical disk 171 or 25 in 
a step 211 , and the diffracted light L5 is converged on 
35 the innermost recording track of the optical disk 171 
or 25 while performing a focus control corresponding 
to the conventional optical disk 25 of the thickness T2 
in a step 212. Thereafter, a tracking control is per- 
formed, and a piece of information recorded on the in- 
40 nermost recording track of the optical disk 171 or 25 
is detected in a step 213. Thereafter, ft is judged in a 
step 21 4 whether the information agrees with a piece 
of distinguishing information informing that the opti- 
cal disk 171 having the thickness T1 is set to the opt- 
45 ical disk apparatus 176. 

In cases where the high density optical disk 171 
is set to the optical disk apparatus 176, the distin- 
guishing information is detected. Thereafter, the 
transmitted light L4 is automatically converged on the 
so optical disk 1 71 while performing a focus control cor- 
responding to the optical disk 171 of the thickness T1 
in a step 21 5. Therefore, pieces of information are re- 
corded or reproduced on or from the optical disk 171. 
In contrast in cases where the conventional opt- 
55 ical head 25 is set to the optical disk apparatus 1 76, 
the distinguishing information is not detected. In this 
case, the convergence of the diffracted light L5 on the 
conventional optical disk 25 is continued while per- 
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forming the focus control and the tracking control cor- 
responding to the conventional optical disk 25 in a 
step 216. Therefore, pieces of information are record- 
ed or reproduced on or from the conventional optical 
disk 25. 

Accordingly, the thickness of the optical disk set 
in the optica) disk apparatus 176 can be rapidly 
judged at a high accuracy. Also, pieces of information 
can be stably recorded or reproduced on or from an 
optical disk regardless of whether the optical disk is 
the high density optical disk 171 (or 174) or the con- 
ventional optical disk 25. 

(Twenty-first Embodiment) 

An optical disk apparatus with one of the optical 
head apparatuses in which it is automatically judged 
whether a high density optical disk having the thick- 
ness T1 or a conventional optical disk having the 
thickness T2 is utilized is described. 

Fig. 57 is a block diagram of an optical disk ap- 
paratus with one of the optical head apparatuses 
shown in Figs. 21, 27, 30, 31, 32, 33, 37, 38, 40A, 43. 
44, 50 and 52 according to a twenty-first embodi- 
ment Fig. 58 is a flow chart showing the operation of 
the optical disk apparatus shown in Fig. 57. 

As shown in Fig. 57, an optical disk apparatus 
1 76 for recording or reproducing pieces of information 
on or from a high density optical disk 182 or the con- 
ventional optical disk 25, comprises the optical head 
apparatus 51 (or 61. 65, 67, 70, 71, 81, 91. 101, 111, 
121, 151 or 161), the moving means 177, and a rotat- 
ing means 1 82 such as a spindle motor for rotating the 
high density optical disk 182 or the conventional opt- 
ical disk 25. The high density optical disk 182 has no 
distinguishing information and has the thickness T1 . 

In the above configuration, the high densfty opt- 
ical disk 182 or the conventional optical disk 25 is set 
to a prescribed position of the optical disk apparatus 
181, and the optical disk 182 or 25 is rotated by the 
rotating means 182. Thereafter, the optical head ap- 
paratus 51 is moved to a position just under an inner- 
most recording track of the optical disk 182 or 25 in a 
step 221 because a piece of information is reliably re- 
corded on the innermost recording track, and the dif- 
fracted light L5 is converged on the innermost record- 
ing track of the optical disk 1 82 or 25 while perform- 
ing a focus control corresponding to the conventional 
optical disk 25 of the thickness T2 in a step 222. 
Thereafter, a tracking control is performed, and a 
piece of information recorded on the innermost re- 
cording track of the optical disk 182 or 25 is detected 
in a step 223. Thereafter, it is judged in a step 224 
whether the intensity of an information signal ex- 
pressing the information detected is more than a 
threshold value. That is, the intensity of the informa- 
tion signal more than the threshold value denotes that 
the diffracted light L5 is converged in focus on the 



optical disk 182 or 25. and the intensity of the infor- 
mation signal not more than the threshold value de- 
notes that the diffracted light L5 is converged in de- 
focus on the optical disk 182 or 25. 

5 In cases where the high density optical disk 182 

is set to the optical disk apparatus 181, the intensity 
of the information signal not more than the threshold 
value is detected. In this case, the transmitted light L4 
is automatically converged on the optical disk 182 

w while performing a focus control corresponding to the 
high density optical disk 182 of the thickness T1 in a 
step 225. Therefore, pieces of information are record- 
ed or reproduced on or from the optical disk 182. 
In contrast, in cases where the conventional opt- 

15 ical head 25 is set to the optical disk apparatus 181 , 
the intensity of the information signal more than the 
threshold value is detected. In this case, the conver- 
gence of the diffracted light L5 on the conventional 
optical disk 25 is continued while performing the fo- 

20 cus control and the tracking control corresponding to 
the conventional optical disk 25 in a step 226. There- 
fore, pieces of information are recorded or repro- 
duced on or from the conventional optical disk 25. 
Accordingly, the thickness of the optical disk set 

25 in the optical disk apparatus 1 81 can be judged even 
though the optical disk 171 or 174 is not utilized. Also, 
pieces of information can be stably recorded or repro- 
duced on or from an optical disk regardless of wheth- 
er the optical disk Is the high density optical disk 182 

30 or the conventional optical disk 25. 

(Twenty-second Embodiment) 

A binary focus microscope having two focal 
35 points in which two images formed on different 
planes are simultaneously observed is described ac- 
cording to a twenty-second embodiment. 

Fig. 59 is a constitutional view of a binary focus 
microscope according to a twenty-second em bod i- 
40 merit. 

As shown in Fig. 59, a binary focus microscope 

191 for simultaneously observing a first image of a 
first sample SP1 put on a first sample plane PL1 and 
a second image of a second sample SP2 put on a sec- 

45 ond sample plane PL2, comprises an objective lens 

192 having a first focal length F1 for refracting a 
beam of first light L17 diverging from the first image 
and refracting a beam of second light L18 diverging 
from the second image, the hologram lens 26 (or 

so 26M, 32, 33 or 42) for transmitting through a part of 
the first light L17 without any diffract ion and diffract- 
ing a part of the second light L1 8 to pass the second 
light L18 through the same optical path as the first 
light L17 passes through, an inner lens 193 for con- 

55 verging a beam of superposed light L1 9 formed of the 
first and second light L17, L18 at an inner focal point 
Pf 1 , an ocular lens 1 94 for simultaneously forming the 
first and second images by converging the super- 
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posed light L19 diverging from the inner focal point 
Pf1, an inner lens-barrel 195 for moving a combina- 
tion element of the inner lens 193 and the hologram 
lens 26 along an optical axis to adjust a distance be- 
tween the combination element and the ocular lens 
194, and an outer lens-barrel 196 for moving the ob- 
jective lens 192 along the optical axis to set the dis- 
tance between the f irst sample plane PL1 and the ob- 
jective lens 192 to the focal length F1 of the objective 
lens 192. 

The optical axis passes through the centers of 
the objective lens 192, the hologram lens 26, the in- 
ner lens 195 and the ocular lens 194. The position of 
the first sample plane PL1 differs from that of the 
second sample plane PL2 along the optical axis. 

In the above configuration, the position of the ob- 
jective lens 192 is adjusted to set the distance be- 
tween the f irst sample plane PL1 and the objective 
lens 192 to the first focal length F1 of the objective 
lens 192. In this case, the distance between the sec- 
ond sample plane PL2 and the objective lens 192 is 
set to a second focal length F2. Also, the position of 
the combination element is adjusted to clearly view 
the first and second images. That is, a beam of first 
light L17 diverging from the first image on the first 
sample plane PL1 is collimated in the objective lens 
192, and a part of the first light L17 transmits through 
the hologram lens 26. Also, a beam of second light 
L18 diverging from the second image on the second 
sample plane PL2 Is refracted In the objective lens 
192, and a part of the second light L1B is diffracted 
in the hologram lens 26 to pass the second light L18 
through the same optical path as the first light L17 
passes through. Therefore, a beam of superposed 
light L19 is formed of the first and second light L17, 
L18. Thereafter, the superposed light L19 is con- 
verged by the inner lens 193 at an inner focal point Pf1 
to simultaneously form the first and second images 
enlarged on an image plane PL3, and the superposed 
light L19 diverging from the point Pf1 is converged by 
the ocular lens 194 to simultaneously form the first 
and second images moreover enlarged on an opera- 
tor's eye. 

Accordingly, because the hologram lens 26, 26M, 
32, 33 or 42 is utilized to form the superposed light 
L1 9, the first i mage of the first sample SP1 put on the 
first sample plane PL1 and the second image of the 
second sample SP2 put on the second sample plane 
PL2 can be simultaneously observed by simultane- 
ously focusing the binary focus microscope 191 on 
the first and second samples SP1, SP2. 

Also, even though the intensities of the first and 
second light L1 7, L18 are reduced when the light L17, 
L18 pass through the hologram lens 26, the intensity 
of the superposed light L19 is sufficient to observe 
the first and second images because the intensity of 
the superposed light L19 is determined by adding the 
intensities of the first and second light L17, L18. 



Also, because the hologram lens 26 is blazed as 
shown In Fig. 6, the generation of unnecessary dif- 
fracted light such as minus first-order diffracted light 
is reduced when the second light L18 is diffracted in 
5 the hologram lens 26. Therefore, the intensity of the 
superposed light L19 can be increased, so that first 
and second images observed can be moreover 
brightened. 

Also, as shown in Fig. 60, in cases where the first 
10 sample SP1 is placed at a bottom of a first sample 
holder 197 and in cases where the second sample 
SP2 is placed at a bottom of a second sample holder 
198 located under the first sample holder 197, aber- 
ration such as a chromatic aberration is generated in 
is the first and second light L17, L18 incident on the ob- 
jective lens 192 because an optical path length in the 
first sample holder 197 for the first light L17 differs 
from that in the first and second sample holders 197, 
1 98 for the second light L1 8. However, the aberration 
20 can disappear in the hologram lens 26 by excessively 
correcting the chromatic aberration in the hologram 
lens 26 as is described in the first embodiment 

Also, the difference between the first and second 
focal lengths can be changed by moving the inner and 
25 outer lens-barrels 1 95, 1 96 because the distance be- 
tween the hologram lens 26 and the objective lens 
192 is changed. Therefore, even though the thickness 
of the second sample holder 198 is changed, the first 
and second Images can be reliably observed. 
30 In the twenty-second embodiment, the ocular 

lens 194 Is utilized in the binary focus microscope 
191. However, the ocular lens 194 is not necessarily 
required. Also, as shown in Fig. 61 , it is applicable that 
a camera 199 such as a charge-coupled device 
35 (CCD) camera be placed on the image plane PL3 in 
place of the ocular lens 194. In this case, a super- 
posed image formed of the first and second images 
enlarged can be photographed with the CCP camera 
199, so that the first and second images can be st- 
40 multaneously recorded. 

(Twenty-third Embodiment) 

In cases where a minute circuit is formed on a 
45 semiconductor wafer, a photosensitive material is 
coated on the semiconductor wafer, and the photo- 
sensitive material covering the semiconductor wafer 
is exposed to ultraviolet light through a photomask 
having a mask pattern in an exposure process. 
so Therefore, the mask pattern of the photomask is 
transferred to the photosensitive material. In this 
case, the semiconductor wafer is required to be 
aligned with the photomask at a high accuracy in an 
alignment process performed prior to the exposure 
55 process. Therefore, a reference image drawn on the 
semiconductor wafer and the mask pattern drawn on 
the photomask are simultaneously observed with a 
conventional microscope having a deep focal depth. 
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ing as a lens to diverge or converge the diffract- 
ed light and 

tens means for converging the transmit- 
ted light formed in the hologram means to form 
a first converging spot at a first focal point and 5 
converging the diffracted light formed in the ho- 
logram means to form a second converging spo 
at a second focal point, the second focal point 
differing from the first focal point. ^ ^ 

Acompound objective lens according to claim 1 

in which . ^_ . , 

a grating pattern is drawn in the hologram 

means in a concentric circle shape, 

the grating pattern of the hologram is 

means is formed in relief to concentrically form 

alternating rows of bottom portions and top por- 

t,0nS ' a height H of relief in the grating pattern 

20 

is set to: 

H<X7(n(X.)-1), 
where a symbol X denotes a wavelength of the 
incident light and a symbol n(X) denotes a refrac- 
tive index of the hologram means made of a 
glass material for the incident light having the 25 8 
wavelength X, and 

a difference in phase modulation degree 
between the incident light passing through the 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 30 
the grating pattern is lower than 2* radians to set 
a diffraction efficiency of the hologram means to 
o waii m lower than 100 %. 



35 



a value lower than 100 %. 

Acompound objective tens according to claim 2 
in which the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions, and 

each block of the grating pattern is 40 
formed in a step-wise shape to blaze the grating 
pattern. 

Acompound objective tens according to claim 1 
in which the hologram means is a phase rnodu- 41 
lation type of diffraction device made of a liquid 
crystal cell. 

Acompound objective lens according to daim 1 
in which the hologram means is a phase rnodu- 5 
lation type of diffraction device made of a bire- 
fringence material of which a surface part is pro- 
ton-exchanged. 

, Acompound objective tens according to claim 1 £ 

in which . 

the hologram means is partitioned into a 
pattern region and a no-pattern region sur- 



rounding the pattern region, 

a grating pattern is drawn in the pattern 
region of the hologram means in a concentric cir- 
cle shape, and 

a diameter of the grating pattern is small- 
er than an aperture of the lens means to transmit 
the incident light through the no-pattern region of 
the hologram means without any diffraction. 

A compound objective lens according to claim 6 

In which . ^ m 

the grating pattern of the hologram 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions in the pattern region, 

a thickness of the no-pattern region in me 
hologram means is set to an average value of 
those of the pattern region, and 

a phase of the incident light passing 
through the no-pattern region of the hologram 
means agrees with an average value of those of 
the incident light passing through the pattern re- 
gion of the hologram means. 

A compound objective lens according to claim 2 

in which . 

the hologram means is partitioned into a 
pattern region and a no-pattern region, 

the grating pattern is drawn in the pattern 
region of the hologram means, 

a diameter of the grating pattern is small- 
er than an aperture of the lens means to transmit 
the incident lightthrough the no- pattern region of 
the hologram means without any diffraction, 

the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
Wocks which each are composed of one of the 
bottom portions and one of the top portions, 

each block of the grating pattern » 
formed in a step-wise shape and is composed of 
a flight of stairs, . 

a thickness of the no-pattern region is set 
to a thickness of the pattern region at one of the 
stairs which is not a top stair or a bottom stair 
among the stairs, and 

a phase of the incident light passing 
through the no-pattern region of the hologram 
means agrees with an average value of those of 
the incident light passing through the pattern re- 
gion of the hologram means. 

9 A compound objective lens according to claim 1 
in which a first diffraction efficiency of tne holo- 
gram means at a first region for the incident light 
differs from a second diffraction efficiency of 
the hologram means at a second region for the 
incident light 
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10 A compound objective lens according to claim 2 
in which the height H of the relief in the grating 
pattern is gradually lowered toward an outer di- 
rection of a pattern region in which the grating 
pattern is drawn, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the outer direction of the pattern region. 

11 A compound objective tens according to claim 1 
in which the transmitted light converged by the 
lens means passes through a first information 
medium having a f irst thickness from its front 
surface to its rear surface to form the first con- 
verging spot on the rear surface of the first infor- 
mation medium, and the diffracted light con- 
verged by the lens means passes through a sec- 
ond information medium having a second thick- 
ness from its front surface to its rear surface to 
form the second converging spot on the rear sur- 
face of the second information medium, the sec- 
ond thickness differing from the first thickness. 

12. A compound objective lens according to claim 11 
in which the hologram means functions as a con- 
cave lens for the diffracted light to diverge the 
diffracted light from the hologram means, and 

the first thickness of the first information 
medium is shorter than the second thickness of 
the second information medium. 30 

13. Acompound objective lens according to claim 12 
in which 

a grating pattern is drawn in a pattern re- 
gion of the hologram means in a concentric circle 35 
shape, 

the grating pattern of the hologram 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions, 

a difference in phase modulation degree 
between the incident light transmitting through 
the bottom portions of the grating pattern and 
the incident light transmitting through the top 
portions of the grating pattern is lower than 2* 45 
radians to set a diffraction efficiency of the ho- 
logram meansforthe incident light to a value low- 
er than 100%, and 

the diffraction efficiency is gradually low- 
ered toward an outer direction of the pattern re- so 
gion. 

14. Acompound objective lens according to claim 12 
in which a difference between the first thickness 
and the second thickness ranges from 50 ^ to 55 
1.0 mm. 



16. 



15. Acompound objective lens according to claim 2 



in which 

the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions. 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an outer direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the outer direction of the 
pattern region, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the outer direction of the pattern region. 

A compound objective lens according to claim 2 
in which 

the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions, 

each block of the grating pattern at a cen- 
ter portion of a pattern region in which the grat- 
ing pattern is drawn is formed in a first step-wise 
shape and is composed of a first flight of four 
stairs, 

an Inclined angle of the first flight Is grad- 
ually lowered toward an outer direction of the 
pattern region to gradually lower the height H of 
the relief in the center portion toward the outer 
direction of the pattern region. 

each block of the grating pattern at a per- 
ipheral portion of the pattern region is formed in 
a second step-wise shape and is composed of a 
second flight of two stairs, 

an inclined angle of the second flight is 
gradually lowered toward an outer direction of 
the pattern region to gradually lower the height 
H of the relief in the peripheral portion toward the 
outer direction of the pattern region, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the outer direction of the pattern region. 

17. A compound objective lens according to claim 1 
in which the hologram means functions as a con- 
vex lens for the diffracted light to converge the 
diffracted light diffracted by the hologram 
means, 

the diffracted light converged by the lens 
means passes through a first information me- 
dium having a first thickness from its front sur- 
face to its rear surface to form the second con- 
verging spot on the rear surface of the f irst infor- 
mation medium, 
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the transmitted light converged by the 
lens means passes through a second informa- 
tion medium having a second thickness from its 
front surface to its rear surface to form the first 
converging spot on the rear surface of the sec- 
ond information medium, and 

the first thickness is shorter than the sec- 
ond thickness. 

18. Acompound objective lens according to claim 17 
in which 

a grating pattern is drawn in a pattern re- 
gion of the hologram means in a concentric circle 
shape, 

the grating pattern of the hologram 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions, 

a difference in phase modulation degree 
between the incident light passing through the 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram means to 
a value lower than 100 %, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward an outer direction of the pattern region. 

19. Acompound objective lens according to claim 1 7 
In which a difference between the first thickness 
and the second thickness ranges from 50 yixu to 
0.5 mm. 

20. A compound objective lens according to claim 2 
in which 

the height H of the relief in the grating pat- 
tern is gradually lowered toward an inner direc- 
tion of a pattern region in which the grating pat- 
tern is drawn, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the inner direction of the pattern region. 

21. A compound objective tens according to claim 2 
in which 

the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of a bottom 
portion and a top portion, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an inner direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the inner direction of the 



pattern region, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the inner direction of the pattern region. 

5 

22. A compound objective lens according to claim 2 
in which 

the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
w blocks which each are composed of a bottom 

portion and a top portion, 

each block of the grating pattern at a cen- 
ter portion of a pattern region in which the grat- 
ing pattern is drawn is formed in a f irst step-wise 
is shape and is composed of a first flight of four 

stairs, 

an inclined angle of the first flight is grad- 
ually lowered toward an inner direction of the 
pattern region to gradually lower the height H of 
20 the relief in the center portion toward the inner 

direction of the pattern region, 

each block of the grating pattern at a per- 
ipheral portion of the pattern region is formed in 
a second stepwise shape composed of a sec- 
25 ond flight of two stairs, 

an inclined angle of the second flight is 
gradually towered toward an inner direction of 
the pattern region to gradually lower the height 
H of the relief In the peripheral portion toward the 
30 Inner direction of the pattern region, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the inner direction of the pattern region. 

35 23. Acompound objective lens according to claim 17 
in which 

a grating pattern is drawn in a pattern re- 
gion of the hologram means in a concentric circle 
shape, 

40 the grating pattern of the hologram 

means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions, 

a difference in phase modulation degree 
45 between the incident light passing through the 

bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram means to 
50 a value lower than 100%, and a diffraction effi- 

ciency of the hologram means for the incident 
light is gradually lowered toward an inner direc- 
tion of the pattern region. 
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24. A compound objective lens according to any one 
of the preceding claims, additionally including: 
packaging means for unifying the hologram 
means and the lens means to fix a relative pos- 
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Ition between the hologram means and the lens 
means. 

25 A compound objective lens according to any one 
of the preceding claims, in which the hologram 
means is formed on a curved surface of the lens 
means to integrally form the hologram means 
and the lens means. 

26 A compound objective lens according to any one 
of claims 1 to 24. in which the hologram means 
is formed on a plane surface of the lens means 
to integrally form the hologram means and the 
lens means. 

27. A compound objective lens according to any one 
of the preceding claims, in which a diffraction ef- 
ficiency of the hologram means defined as an ef- 
ficiency for changing the incident light to the dif- 
fracted light ranges from 30% to 70%. 
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28. A compound objective lens according to any one 
of the preceding claims, in which the hologram 
means functions as a concave lens for the dif- 
fracted light to diverge the diffracted light from 25 
the hologram means, and 

a diffraction efficiency of the hologram 
means defined as an efficiency for changing the 
incident light to the diffracted light is equal to or 
less than 30%. 30 

29 A compound objective lens according to any one 
of the claims 1 to 27, in which the hologram 
means functions as a convex lens for the dif- 
fracted light to converge the diffracted light dif- 35 
f racted by the hologram means, and 

a diffraction efficiency of the hologram 
means defined as an efficiency for changing the 
incident light to the diffracted light is equal to or 
more than 70%. 40 

30. A compound objective lens according to claim 1 
in which 

a grating pattern is drawn on a flat sur- 
face of the hologram means, and 45 

a normal line of the flat surface of the ho- 
logram means is tilted from an optical axis of the 
lens means. 

31. A compound objective lens, comprising: so 

lens means for converging a beam of first 
incident light on afront surface of a first informa- 
tion medium having a first thickness T1 and con- 
verging a beam of second incident light on a front 
surface of a second information medium having 55 
a second thickness T2 CT2<T1), the first incident 
light passing through the first information me- 
dium from Its rear surface, and the second inch 

56 



110 

dent light passing through the second informa- 
tion medium from its rear surface; and 

aperture limiting means for selectively 
limiting an aperture of the lens means for the 
second incident light which is incident on the lens 
means, a second numerical aperture of the lens 
means for the second incident light which is inci- 
dent on the lens means being lower than a first 
numerical aperture of the lens means for the first 
incident light which is incident on the lens means. 

A compound objective lens according to claim 31 
in which 

the numerical aperture limiting means is 
formed of a hologram lens to transmit through 
the first incident light without any diffraction and 
diffracting the second incident light the holo- 
gram lens functioning as a concave lens for the 
second incident light to diverge the second inci- 
dent light from the hologram lens, 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape, 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions, 

a height H of relief in the grating pattern 
is set to: 

H<V(n(X)-1). 
where a symbol X denotes a wavelength of the 
incident light and a symbol r\{K) denotes a refrac- 
tive index of the hologram lens made of a glass 
material for the incident light having the wave- 
length X, and 

a difference in phase modulation degree 
between the incident light passing through the 
bottom port ions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2k radians to set 
a diffraction efficiency of the hologram lens to a 
value lower than 100 %. 

33. a compound objective lens, comprising: 

lens means for converging a beam of first 
incident light on a front surface of a first informa- 
tion medium having a first thickness and con- 
verging a beam of second incident light on a front 
surface of a second information medium having 
a second thickness, the first incident light pass- 
ing through the first information medium from its 
rear surface, and the second incident light pass- 
ing through the second information medium 
from its rear surface; and 

curvature changing means for changing a 
curvature of spherical waves of a part of Incident 
light to form the first incident light which is inci- 
dent on the lens means and not changing a cur- 
vature of spherical waves of a remaining part of 
incident light to form the second incident light 
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which is incident on the lens means. 

34. A compound objective lens according to claim 33 
in which 

the curvature changing means is formed 5 
of a hologram lens to transmit through the re- 
maining part of the incident light without any dif- 
fraction to form the second incident light and dif- 
fracting the part of the incident light to form the 
first incident light, ™ 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape, 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions, 15 

a height H of relief in the grating pattern 
is set to: 

H < X4n(X) - 1). 
where a symbol X denotes a wavelength of the 
incident light and a symbol n(X) denotes a ref rac- 20 
t'rve index of the hologram lens made of a glass 
material for the incident light having the wave- 
length X, and 

a difference in phase modulation degree 
between the incident light passing through the 25 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram lens to a 
value lower than 1 00 %. & 

35. An imaging optical system, comprising: 

a light source for radiating a beam of inci- 
dent light of which a far f ield pattern is distributed 
to decrease intensity of the incident light toward 35 
a peripheral portion of the beam; 

hologram means for transmitting a part of 
the incident light radiated from the light source 
without any diffraction to form a beam of trans- 
mitted light and diffracting a remaining part of 40 
the incident light to form a beam of diffracted 
light, a grating pattern being formed in relief in 
the hologram means to concentrically form alter- 
nating rows of bottom portions and top portions 
on condition that a height H of relief in the grating 45 
pattern is set to H < X/(n(X)-1) where a symbol X 
denotes a wavelength of the incident light and a 
symbol n(X) denotes a refractive index of the ho- 
logram means made of a glass material for the in- 
cident light having the wavelength X, a differ- so 
ence in phase modulation degree between the 
incident light transmitting through the bottom 
portions of the grating pattern and the incident 
light transmitting through the top portions of the 
grating pattern being lower than 2n radians to 55 
set a diffraction efficiency of the hologram 
means to a value lower than 100 %, the height H 
of the relief In the grating pattern being gradually 
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lowered toward an outer direction of a pattern re- 
gion in which the grating pattern is drawn, and 
the diffraction efficiency of the hologram means 
for the incident light being gradually lowered to- 
ward the outer direction of the pattern region to 
distribute intensity of the transmitted light in a 
gently-sloping shape; and 

lens means for converging the transmit- 
ted light formed in the hologram means to form 
a first converging spot at a first focal point and 
converging the diffracted light formed in the ho- 
logram means to form a second converging spot 
at a second focal point. 

36. An imaging optical system according to claim 35 
in which the hologram means functions as a con- 
cave lens for the diffracted light to diverge the 
diffracted light from the hologram means. 

the transmitted light converged by the 
lens means passes through a first information 
medium having a first thickness from its front 
surface to its rear surface to form the first con- 
verging spot on the rear surface of the first infor- 
mation medium, 

the diffracted light converged by the lens 
means passes through a second information 
medium having a second thickness from its front 
surface to its rear surface to form the second 
converging spot on the rear surface of the sec- 
ond information medium, the second thickness 
differing from the first thickness, and 

the first thickness is shorter than the sec- 
ond thickness. 

37. An imaging optical system according to claim 35 
in which the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of a bottom 
portion and a top portion, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, and 

an inclined angle of the stairs is gradually 
lowered toward the outer direction of the pattern 
region to gradually lower the height H of the relief 
in the grating pattern toward the outer direction 
of the pattern region. 

38. An imaging optical system according to claim 35 
in which the hologram means functions as a con- 
vex lens for the diffracted light to converge the 
diffracted light diffracted by the hologram 
means, 

the diffracted light converged by the lens 
means passes through a first information me- 
dium having a first thickness from its front sur- 
face to its rear surface to form the second con- 
verging spot on the rear surface of the f irst infor- 
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mation medium, 

the transmitted light converged by the 
lens means passes through a second informa- 
tion medium having a second thickness from Its 
front surface to its rear surface to form the first 5 
converging spot on the rear surface of the sec- 
ond information medium, and 

the first thickness is shorter than the sec- 
ond thickness. 

10 

39. An imaging optical system, comprising: 

a light source for radiating a beam of inci- 
dent light of which a far f ield pattern is distributed 
to decrease intensity of the incident light toward 
a peripheral portion of the beam; 15 

hologram means for transmitting a part of 
the incident light radiated from the light source 
without any diffraction to form a beam of trans- 
mitted light and diffracting a remaining part of 
the incident light to form a beam of diffracted 20 
light, a grating pattern being formed in relief in 
the hologram means to concentrically form alter- 
nating rows of bottom portions and top portions 
on condition that a height H of relief in the grating 
pattern is set to H < W(n(X>- 1 ) where a symbol X 25 
denotes a wavelength of the incident light and a 
symbol r\{\) denotes a refractive index of the ho- 
logram means made of a glass material for the in- 
cident light having the wavelength X, a differ- 
ence in phase modulation degree between the 30 
incident light passing through the bottom por- 
tions of the grating pattern and the incident light 
passing through the top portions of the grating 
pattern being lower than 2n radians to set a dif- 
fraction efficiency of the hologram means to a 35 
value lower than 100 %, the height H of the relief 
in the grating pattern being gradually lowered to- 
ward an inner direction of a pattern region in 
which the grating pattern is drawn, and the dif- 
fraction efficiency of the hologram means for the 40 
incident light being gradually lowered toward the 
inner direction of the pattern region to distribute 
intensity of the diffracted light in a gently-sloping 
shape; and 

lens means for converging the transmit- 45 
ted light formed in the hologram means to form 
a first converging spot at a f irst focal point and 
converging the diffracted light formed in the ho- 
logram means to form a second converging spot 
at a second focal point. 50 

40. An imaging optical system according to claim 39 
in which the hologram means functions as a con- 
cave lens for the diffracted light to diverge the 
diffracted light from the hologram means, 55 

the transmitted light converged by the 
lens means passes through a first information 
medium having a first thickness from its front 



surface to its rear surface to form the f irst con- 
verging spot on the rear surface of the first infor- 
mation medium, 

the diffracted light converged by the lens 
means passes through a second information 
medium having a second thickness from its front 
surface to its rear surface to form the second 
converging spot on the rear surface of the sec- 
ond information medium, the second thickness 
differing from the first thickness, and 

the first thickness is shorter than the sec- 
ond thickness. 

41. An imaging optical system according to claim 39 
in which the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions, 

each block of the grating pattern is 
formed in a step-wise shape composed of a flight 
of stairs, and 

an inclined angle of the stairs is gradually 
lowered toward the inner direction of the pattern 
region to gradually lower the height H of the relief 
in the grating pattern toward the inner direction 
of the pattern region. 

42. An imaging optical system according to claim 39 
In which the hologram means functions as a con- 
vex lens for the diffracted light to converge the 
diffracted light diffracted by the hologram 
means, 

the diffracted light converged by the lens 
means passes through a first information me- 
dium having a first thickness from its front sur- 
face to its rear surface to form the second con- 
verging spot on the rear surface of the first infor- 
mation medium, 

the transmitted light converged by the 
lens means passes through a second informa- 
tion medium having a second thickness from its 
front surface to its rear surface to form the first 
converging spot on the rear surface of the sec- 
ond information medium, and 

the first thickness is shorter than the sec- 
ond thickness. 

43. An optical head apparatus for recording or repro- 
ducing a piece of information on or from a first 
information medium having a f irst thickness or a 
second information medium having a second 
thickness, comprising: 

a light source for radiating a beam of inci- 
dent light 

hologram means for transmitting a part of 
the incident light radiated from the light source 
without any diffraction on an outgoing path to 
form a beam of transmitted light and diffracting 
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a remaining part of the incident light radiated 
from the light source on the outgoing path to 
form a beam of diffracted light the hologram 
means functioning as a lens for the diffracted 
light to diverge the diffracted light from the ho- 5 
logram means or converge the diffracted light; 

lens means for converging the transmit- 
ted light formed in the hologram means at a first 
focal length on the outgoing path to form a first 
converging spot at a front surface of the first in- to 
formation medium or converging the diffracted 
light formed in the hologram means at a second 
focal length on the outgoing path to form a sec- 
ond converging spot at a front surface of the sec- 
ond information medium, the transmitted light 15 
passing through the first information medium 
from its rear surface, the transmitted light being 
reflected at the front surface of the first informa- 
tion medium and again passing through the lens 
means and the hologram means on an incoming 20 
path, the diffracted light passing through the 
second information medium from its rear sur- 
face, and the diffracted light being reflected at 
the front surface of the second information me- 
dium and again passing through the lens means 25 
and the hologram means on the incoming path; 

wavef ront changing means for changing a 
wavef ront of the transmitted light or the diffract- 
ed light passing through the lens means and the 
hologram means on the incoming path to form 30 
one or more beams of information light; and 

detecting means for detecting intensities 
of the information light formed by the wavef ront 
changing means and generating an information 
signal according to the intensities of the informa- 35 
tion light, the information signal expressing a 
piece of information recorded on the first infor- 
mation medium or the second information me- 
dium. 

40 

44. An optical head apparatus according to claim 43 
in which 

a grating pattern is drawn in the hologram 
means in a concentric circle shape, 

the grating pattern of the hologram 45 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions, 

a height H of relief in the grating pattern 
is set to: 50 

H < X/(n(X) - 1), 
where a symbol X denotes a wavelength of the 
incident light and a symbol n(X) denotes a refrac- 
tive index of the hologram means made of a 
glass material for the incident light having the 55 
wavelength K and 

a difference in phase modulation degree 
between the incident light passing through the 



bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram means to 
a value lower than 100 %. 

45. An optical head apparatus according to claim 43 
in which 

a far f ield pattern of the incident light radi- 
ated from the light source is distributed to de- 
crease intensity of the incident light toward a per- 
ipheral portion of its beam, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward an outer direction of the hologram means 
to distribute intensity of the transmitted light in a 
gently-sloping shape. 

46. An optical head apparatus according to claim 43 
in which 

a far field pattern of the incident light radi- 
ated from the light source is distributed to de- 
crease intensity of the incidentlight toward a per- 
ipheral portion of its beam, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward an inner direction of the hologram means 
to distribute intensity of the diffracted light in a 
gently-sloping shape. 

47. An optical head apparatus according to claim 43 
in which 

the hologram means functions as a con- 
cave lens for the diffracted light to diverge the 
diffracted light from the hologram means, and 

the first thickness of the first information 
medium is smaller than the second thickness of 
the second information medium. 

48. An optical head apparatus according to claim 43 
in which 

the hologram means functions as a con- 
vex lens for the diffracted light to converge the 
diffracted light diffracted by the hologram 
means, and 

the first thickness of the first information 
medium is larger than the second thickness of 
the second information medium. 

49. An optical head apparatus according to claim 44 
in which 

the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions, and 

each block of the grating pattern is 
formed in a step-wise shape to blaze the grating 
pattern. 
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50. An optical head apparatus according to claim 43 
in which 

the hologram means is partitioned into a 
pattern region and a no-pattern region sur- 
rounding the pattern region, 5 

a grating pattern is drawn in the pattern 
region of the hologram means in a concentric cir- 
cle shape, and 

a diameter of the grating pattern is small- 
er than an aperture of the lens means to transmit 1 o 
the incident light through the no-pattern region of 
the hologram means without any diffraction. 

51. An optical head apparatus according to claim 50 
in which 

the grating pattern of the hologram 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions in the pattern region, 

a thickness of the no-pattern region in the 
hologram means is set to an average value of 
those of the pattern region, and 

a phase of the incident light passing 
through the no-pattern region of the hologram 
means agrees with an average value of those of 
the incident light passing through the pattern re- 
gion of the hologram means. 

52. An optical head apparatus according to claim 44 
in which the height H of the relief In the grating 
pattern is gradually lowered toward an outer di- 
rection of a pattern region in which the grating 
pattern is drawn, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the outer direction of the pattern region. 

53. An optical head apparatus according to claim 44 
in which the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an outer direct ion of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the outer direction of the 
pattern region, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the outer direction of the pattern region. 

54. An optical head apparatus according to claim 44 
in which the height H of the relief in the grating 
pattern is gradually lowered toward an inner di- 



rection of a pattern region in which the grating 
pattern is drawn, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the inner direction of the pattern region. 

55. An optical head apparatus according to claim 44 
in which the grating pattern of the hologram 
means is partitioned into a plurality of pattern 
blocks which each are composed of a bottom 
portion and a top portion, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an inner direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the inner direction of the 
20 pattern region, and 

a diffraction efficiency of the hologram 
means for the incident light is gradually lowered 
toward the inner direction of the pattern region. 

25 56. An optical head apparatus according to claim 43 
in which 

the detecting means comprises a pair of 
focus error detectors for detecting intensities of 
two beams of first information light selected 
30 among the information light to generate the in- 

formation signal and a focus error signal, and 
four tracking error detectors for detecting inten- 
sities of four beams of second information light 
selected among the information light to generate 
35 a tracking error signal, a position of the lens 

means being adjusted according to the focus er- 
ror signal and the tracking error signal to focus 
the transmitted light or the diffracted light on the 
first information medium or the second informa- 
40 tion medium. 

57. An optical head apparatus according to claim 43 
in which 

a beam of first information light is gener- 
ated in the wavef ront changing means to have a 
first focal point in the front of the detecting 
means, 

a beam of second information light is gen- 
erated in the wavef ront changing means to have 
a second focal point in the rear of the detecting 
means, and 

the detecting means comprises a pair of 
focus error detectors for detecting an intensity of 
the first information light and an intensity of the 
second information light to generate a focus er- 
ror signal, a position of the lens means being ad- 
justed according to thefocus error signal to focus 
the transmitted light or the diffracted light on the 



119 



EP 0 610 055 A2 



120 



first information medium or the second informa- 
tion medium, and the information signal being 
detected in the focus error detectors. 

58. An optical head apparatus according to claim 43 
in which 

the wavef ront changing means is a holo- 
gram having a plurality types of grating patterns, 
and 

the transmitted light or the diffracted light 
passing through one of the grating patterns of 
the hologram means is changed to one of the in- 
formation light 

59. An optical head apparatus according to claim 43 
in which 

the wavef ront changing means is an as- 
tigmatic aberration generating unit for generat- 
ing an astigmatic aberration in the information 
light and 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 
tions for detecting an intensity of the information 
light having the astigmatic aberration to gener- 
ate the Information signal and servo signals 
such as a focus error signal and a tracking error 
signal, a position of the lens means being adjust- 
ed according to the servo signals to focus the 
transmitted light or the diffracted light on the 
first information medium or the second Informa- 
tion medium. 

60. An optical head apparatus according to claim 59 
in which 

the astigmatic aberration generating unit 
is formed of a plane parallel plate of which a nor- 
mal line is tilted from an optical axis. 

61. An optical head apparatus according to claim 59 
in which 

the astigmatic aberration generating unit 
is formed of a cylindrical lens. 

62. An optical head apparatus according to claim 43 
in which 

a grating pattern is drawn on a flat sur- 
face of the hologram means, and 

a normal line of the flat surface of the ho- 
logram means is tilted from an optical axis of the 
lens means. 

63. An optical head apparatus according to claim 
43, additionally including: 

a polarized beam splitter for totally trans- 
mitting the incident light which is radiated from 
the light source and is linearly polarized in a f irst 
direction and totally reflecting light linearly pola- 
rized at a second direction perpendicular to the 



first direction; and 

a 1/4-X plate for forming the transmitted 
light or the diffracted light linearly polarized in 
the second direction by passing the incident light 
5 transmitting through the polarized beam splitter 

or a pair of the transmitted light and the diffract- 
ed light on the outgoing path and passing the 
transmitted light or the diffracted light on the in- 
coming path, the transmitted light or the diffract- 
to ed light linearly polarized in the second direction 
by the 1/4-X plate being reflected by the pola- 
rized beam splitter on the outgoing path and be- 
ing incident on the wavef ront converging means. 

15 64. An optical head apparatus according to claim 
43, additionally including a wedge-like prism for 
reshaping the incident light radiated from the 
light source, the incident light reshaped being in- 
cident on the hologram means. 

20 

65. An optical head apparatus according to claim 43 
in which 

the first thickness of the first information 
medium is smaller than the second thickness of 
25 the second information medium, 

the wavef ront changing means comprises 
a beam splitter for transmitting the diffracted 
light which transmits through the hologram 
means without any diffraction on the incoming 
30 path to form a beam of f ir st information light hav- 

ing an astigmatic aberration and reflecting the 
transmitted light which transmits through the ho- 
logram means without any diffraction on the in- 
coming path, and a wavefront changing unit for 
35 changing a wavefront of the transmitted light re- 

flected by the beam splitter to form a plurality of 
beams of second information light, and 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 
40 tions for detecting an intensity of the first infor- 

mation light transmitting through the beam split- 
ter to generate a first information signal and ser- 
vo signals such as a first focus error signal and 
a first tracking error signal, a pair of focus error 
45 detectors for detecting intensities of two beams 

of second information light formed in the wave- 
front changing unit to generate a second infor- 
mation signal and a second focus error signal, 
and four tracking error detectors for detecting in- 
50 tensities of four beams of second information 

light formed in the wavefront changing unit to 
generate a second tracking error signal, a posi- 
tional relation between the lens means and the 
second information medium being adjusted ac- 
55 cording to the servo signals to focus the diffract- 

ed light on the second information medium, a 
positional relation between the lens means and 
the first information medium being adjusted ao 
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cording to the second focus error signal and the 
second tracking error signal to focus the trans- 
mitted light on the first information medium, the 
first information signal expressing the informa- 
tion recorded on the second information me- 5 
dium, and the second information signal ex- 
pressing the information recorded on the first in- 
formation medium. 

An optical head apparatus according to claim 43 10 
in which 

the first thickness of the first information 
medium is smaller than the second thickness of 
the second information medium, 

the wavefront changing means comprises 15 
a beam splitter having a wavefront changing unit 
for transmitting the transmitted light which 
transmits through the hologram means without 
any diffraction on the incoming path to form a 
beam of first information light having an astig- 20 
matic aberration and diffracting and reflecting 
the diffracted light which transmits through the 
hologram means without any diffraction on the 
incoming path and is incident on the wavefront 
changing unit to form a plurality of beams of sec- 25 
ond information light, and 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 
tions for detecting an intensity of the first infor- 
mation light transmitting through the beam split- 30 
ter to generate a first information signal and ser- 
vo signals such as a first focus error signal and 
a first tracking error signal, a pair of focus error 
detectors for detecting intensities of two beams 
of second information light formed in the wave- 35 
front changing unit to generate a second infor- 
mation signal and a second focus error signal, 
and four tracking error detectors for detecting in- 
tensities of four beams of second information 
light formed in the wavefront changing unit to 40 
generate a second tracking error signal, a posi- 
tional relation between the lens means and the 
f irst information medium being adjusted accord- 
ing to the servo signals to focus the transmitted 
light on the first information medium, a posit Ion- 45 
al relation between the lens means and the sec- 
ond information medium being adjusted accord- 
ing to the second focus error signal and the sec- 
ond tracking error signal to focus the diffracted 
light on the second information medium, the first so 
information signal expressing the information 
recorded on the first information medium, and 
the second information signal expressing the in- 
formation recorded on the second information 
medium. 55 

67. An optical head apparatus according to claim 43 
in which 



the first thickness of the first information 
medium is smaller than the second thickness of 
the second information medium, 

the transmitted light converged by the 
lens means on the outgoing path is also con- 
verged at the front surface of the second infor- 
mation medium in defocus and is reflected to 
again pass through the lens means and the ho- 
logram means without any diffraction on the in- 
coming path, 

the wavefront changing means comprises 
a beam splitter having a wavefront changing unit 
for transmitting the diffracted light which trans- 
mits through the hologram means without any 
diffraction on the incoming path to form a beam 
of first information light having an astigmatic 
aberration and diffracting the transmitted light 
which is converged on the second information 
medium in defocus and is incident on the wave- 
front changing unit to form a plurality of beams 
of second information light, and 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 
tions for detecting in defocus an intensity of the 
first information light transmitting through the 
beam splitter to generate a first information sig- 
nal expressing the information recorded on the 
second information medium and detecting in fo- 
cus intensities of the second information light 
diffracted in the wavefront changing unit to gen- 
erate a focus error signal, a positional relation 
between the lens means and the second infor- 
mation medium being adjusted according to the 
focus error signal to focus the diffracted light on 
the second information medium. 

68. An optical head apparatus according to claim 43 
in which 

the first thickness of the first information 
medium is larger than the second thickness of 
the second information medium, 

the wavefront changing means comprises 
a beam splitter for transmitting the diffracted 
light again diffracted by the hologram means on 
the incoming path to form a beam of first infor- 
mation light having an astigmatic aberration and 
reflecting the transmitted light diffracted by the 
hologram means on the incoming path, and a 
wavefront changing unit for changing a wave- 
front of the transmitted light reflected by the 
beam splitter to form a plurality of beams of sec- 
ond information light and 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 
tions for detecting an intensity of the first infor- 
mation light transmitting through the beam split- 
ter to generate a first information signal and ser- 
vo signals such as a first focus error signal and 
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a f irst tracking error signal, a pair of focus error 
detectors for detecting intensities of two beams 
of second information light formed in the wave- 
front changing unit to generate a second infor- 
mation signal and a second focus error signal. 5 
and four tracking error detectors for detecting in- 
tensities of four beams of second information 
light formed in the wavefront changing unit to 
generate a second tracking error signal, a posi- 
tional relation between the lens means and the 10 
second information medium being adjusted ac- 
cording to the servo signals to focus the diffract- 
ed light on the second information medium, a 
positional relation between the lens means and 
the first information medium being adjusted ac- is 
cording to the second focus error signal and the 
second tracking error signal to focus the trans- 
mitted light on the first information medium, the 
first information signal expressing the informa- 
tion recorded on the second information me- 20 
dium, and the second information signal ex- 
pressing the information recorded on the f irst in- 
formation medium. 

69. An optical head apparatus according to claim 43 25 
in which 

the first thickness of the first information 
medium Is larger than the second thickness of 
the second information medium, 

the wavefront changing means comprises 30 
a beam splitter having a wavefront changing unit 
for transmitting the transmitted light diffracted 
by the hologram means on the incoming path to 
form a beam of first information light having an 
astigmatic aberration and diffracting and re- 35 
fleeting the diffracted light which is again dif- 
fracted by the hologram means on the incoming 
path and is incident on the wavefront changing 
unit to form a plurality of beams of second infor- 
mation light, and 40 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 
tions for detecting an intensity of the first infor- 
mation light transmitting through the beam split- 
ter to generate a first information signal and ser- 45 
vo signals such as a first focus error signal and 
a f irst tracking error signal, a pair of focus error 
detectors for detecting intensities of two beams 
of second information light formed in the wave- 
front changing unit to generate a second infor- so 
mat ion signal and a second focus error signal, 
and four tracking error detectors for detecting in- 
tensities of four beams of second information 
light formed in the wavefront changing unit to 
generate a second tracking error signal, a posi- 55 
tional relation between the lens means and the 
first information medium being adjusted accord- 
ing to the servo signals to focus the transmitted 
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light on the f irst information medium, a position- 
al relation between the lens means and the sec- 
ond information medium being adjusted accord- 
ing to the second focus error signal and the sec- 
ond tracking error signal to focus the diffracted 
light on the second information medium, the first 
information signal expressing the information 
recorded on the first information medium, and 
the second information signal expressing the in- 
formation recorded on the second information 
medium. 

An optical head apparatus according to claim 43 
in which 

the hologram means is partitioned into a 
central region and a peripheral region surround- 
ing the central region, 

a first grating pattern is drawn in the cen- 
tral region of the hologram means in a concentric 
circle shape, 

a second grating pattern is drawn in the 
peripheral region of the hologram means in a 
non-concentric shape, 

the transmitted light transmits through 
the central region of the hologram means without 
any diffraction on the outgoing and incoming 
paths, 

a part of the incident light radiated from 
the light source transmits through the peripheral 
region of the hologram means on the outgoing 
path to form a beam of noise cancelling light 
which is converged by the lens means to form a 
third converging spot surrounding the first con- 
verging spot, 

the noise cancelling light forming the third 
converging spot passes through the lens means 
and is diffracted in the peripheral region of the 
hologram means on the incoming path, 

the detecting means comprises a first 
photo detector for detecting an intensity of the 
transmitted light transmitting through the central 
region of the hologram means without any dif- 
fraction on the incoming path to generate a first 
information signal component SC1 expressing a 
piece of information recorded on the first infor- 
mation medium, and a second photo detector for 
detecting an intensity of the noise cancelling 
light diffracted in the peripheral region of the ho- 
logram means on the incoming path to generate 
a second information signal component SC2 ex- 
pressing the information, a noise cancelled in- 
formation signal Snc being obtained by adding 
the first information signal component SC1 and 
a multiplied second information signal compo- 
nent RxSC2 which is obtained by multiplying the 
second information signal component SC2 by a 
weighting factor R. 
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71. An optical head apparatus according to claim 70 
in which 

the peripheral region of the hologram 
means is partitioned into a first side peripheral 
region and a second side peripheral region fac~ 5 
ing each other with the central region between 
the first and second side peripheral region, 

a far field pattern of the incident light radi- 
ated from the light source is distributed to de- 
crease intensity of the incident light toward a per- 10 
ipheral portion of its beam, 

a cross-sectional beam profile of the inci- 
dent light radiated from the light source is in an 
elliptic shape in which a beam divergent angle of 
the incident light in a perpendicular direction is 15 
larger than that in a horizontal direction, 

the incident light placed at one side of its 
beam in the perpendicular direction passes 
through the first side peripheral region of the ho- 
logram means to form a part of the noise cancel- 20 
ling light, 

the incident light placed at the other side 
of its beam in the perpendicular direction passes 
through the second side peripheral region of the 
hologram means to form a remaining part of the 25 
noise cancelling light, and 

a cross-sectional beam profile of light de- 
fined as the combination of the transmitted light 
and the noise cancelling light is in a circular 
shape. 30 

72. An optical head apparatus according to claim 70 
in which 

the peripheral region of the hologram 
means is partitioned into a first side peripheral 35 
region and a second side peripheral region fac- 
ing each other with the central region between 
the first and second side peripheral region, 

a second photo detector of the detecting 
means is composed of a first noise cancelling 40 
detector for detecting an intensity of the noise 
cancelling light formed in the first side peripheral 
region of the hologram means to generate a third 
information signal component SC3 expressing 
the information, and a second noise cancelling 45 
detector for detecting an intensity of the noise 
cancelling light formed in the second side periph- 
eral region of the hologram means to generate a 
fourth information signal component SC4 ex- 
pressing the information, the noise cancelled in- so 
formation signal Snc being obtained according 
to an equation: 

Snc = SC1 + R1 x SC3 + R2 x SC4, 
where R1 is a first weighting factor and R2 is a 
second weighting factor. 55 

73. An optical head apparatus according to claim 43 
in which 



the light source and the detecting means 
are placed on a substrate to fix a relative posi- 
tion between the light source and the detecting 
means, and 

the light source is placed closely to the de- 
tecting means. 

74. An optical head apparatus according to claim 43 
in which 

the incident light radiated from the light 
source is linearly polarized in a first direction, 

the wavef ront changing means comprises 
a transparent substrate, a polarizing separation 
film formed on a front surface of the transparent 
substrate for reflecting the incident light linearly 
polarized in the first direction on the outgoing 
path and refracting the transmitted light or the 
diffracted light linearly polarized in a second di- 
rection perpendicular to the first direction on the 
incoming path, a hologram formed on a rear sur- 
face of the transparent substrate for diffracting 
the transmitted light or the diffracted light re- 
fracted by the polarizing separation film to form 
the beams of information light and a 1/4-X plate 
for forming the transmitted light or the diffracted 
light linearly polarized in the second direction by 
passing the incident light reflected by the polar- 
izing separation film and passing the transmit- 
ted light or the diffracted light on the incoming 
path. 

75. An optical head apparatus for recording or repro- 
ducing a piece of information on or from a first 
information medium having a first thickness T1 
or a second information medium having a sec- 
ond thickness T2 (T1 <T2), comprising: 

lens means for converging a beam of first 
incident light on a front surface of a first informa- 
tion medium having a first thickness T1 or con- 
verging a beam of second incident light on a front 
surface of a second information medium having 
a second thickness T2 (T2<T1), the first incident 
light passing through the first information me- 
dium from its rear surface, and the second inci- 
dent light passing through the second informa- 
tion medium from its rear surface; 

aperture limiting means for selectively 
limiting an aperture of the lens means for the 
second incident light which is incident on the lens 
means, a second numerical aperture of the lens 
means for the second incident light which is inci- 
dent on the lens means being lower than a first 
numerical aperture of the lens means for the first 
incident light which is incident on the lens means, 
the first incident light being reflected at the front 
surface of the first information medium and 
again passing through the lens means and the 
aperture limiting means on an incoming path, 
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and the second incident light being reflected at 
the front surface of the second information me- 
dium and again passing through the lens means 
and the aperture limiting means on the incoming 
path; 5 

a light source for radiating the first inci- 
dent light and the second incident light to the 
aperture limiting means; 

wavefront changing means for changing a 
wavefront of the first or second incident light 10 
passing through the lens means and the aper- 
ture limiting means on the incoming path to form 
one or more beams of information light and 

detecting means for detecting intensities 
of the information light formed by the wavefront f 5 
changing means and generating an information 
signal according to the intensities of the informa- 
tion light, the information signal expressing a 
piece of information recorded on the first infor- 
mation medium or the second information me- 20 
dium. 

76. An optical head apparatus according to claim 75 
In which 

the numerical aperture limiting means is 25 
formed of a hologram lens to transmit through 
the first incident light without any diffraction and 
diffracting the second incident light, the holo- 
gram lens functioning as a concave lens for the 
second Incident light to diverge the second inci- 30 
dent light from the hologram lens, 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape, 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 35 
rows of bottom portions and top portions, 

a height H of relief in the grating pattern 
is set to: 

H < X7(n(X) - 1), 
where a symbol X denotes a wavelength of the 40 
incident light and a symbol n(X) denotes a refrac- 
tive index of the hologram lens made of a glass 
material for the incident light having the wave- 
length X, and 

a difference in phase modulation degree 45 
between the incident light passing through the 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram lens to a so 
value lower than 100 %. 

77. An optical head apparatus for recording or repro- 
ducing a piece of information on or from a first 
information medium having a first thickness or a 55 
second information medium having a second 
thickness, comprising: 

lens means for converging a beam of first 



incident light on a front surface of the f irst infor- 
mation medium and converging a beam of sec- 
ond incident light on a front surface of the sec- 
ond information medium, the first incident light 
passing through the first information medium 
from its rear surface, and the second incident 
light passing through the second information 
medium from its rear surface; and 

curvature changing means for changing a 
curvature of spherical waves of a part of incident 
light to form the first incident light which is inci- 
dent on the lens means and not changing a cur- 
vature of spherical waves of a remaining part of 
incident light to form the second incident light 
which is incident on the lens means, the first in- 
cident light being reflected at the front surface of 
the first information medium and again passing 
through the lens means and the curvature 
changing means on an incoming path, and the 
second incident light being reflected at the front 
surface of the second information medium and 
again passing through the lens means and the 
curvature changing means on the incoming 
path; 

a light source for radiating the incident 
light to the curvature changing means; 

wavefront changing means for changing a 
wavefront of the first or second incident light 
passing through the lens means and the curva- 
ture changing means on the incoming path to 
form one or more beams of information light; and 

detecting means for detecting intensities 
of the information light formed by the wavefront 
changing means and generating an information 
signal according to the intensities of the informa- 
tion light, the information signal expressing a 
piece of information recorded on the f irst infor- 
mation medium or the second information me- 
dium. 

78. An optical head apparatus according to claim 77 
in which 

the curvature changing means is formed 
of a hologram lens to transmit through the re- 
maining part of the incident light without any dif- 
fraction to form the second incident light and dif- 
fracting the part of the incident light to form the 
first incident light, 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape, 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions. 

a height H of relief in the grating pattern 
is set to: 

H< V(n(X)- 1). 
where a symbol X denotes a wavelength of the 
incident light and a symbol n(X) denotes a ref rac- 
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ttve index of the hologram lens made of a glass 
material for the incident light having the wave- 
length K and 

a difference in phase modulation degree 
between the incident light passing through the 5 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram lens to a 
value lower than 100 %. io 

79. An optical disk, comprising: 

an information recording substrate parti- 
tioned into a first region and a second region, the 
first region having a first thickness, and the sec- 15 
ond region having a second thickness smaller 
than the first thickness; 

a plurality of first recording pits placed at 
the first region of the information recording sub- 
strate for recording pieces of recording informa- 20 
tion at a high recording density, the first record- 
ing pits being formed at narrow intervals; and 

a plurality of second recording pits placed 
at the second region of the information recording 
substrate for recording pieces of distinguishing 25 
information at an ordinary recording density of a 
compact disk, the distinguishing information in- 
forming that the recording information are re- 
corded on the information recording substrate 
having the first thickness, and the recording den- so 
sity of the recording information being higher 
than that of the distinguishing information. 

80. An optical disk according to claim 79 in which the 
first thickness of the first region ranges from 35 
0.4mm to 0.8mm, and the second thickness of 

the second region is 1.2mm. 

81. An optical disk, comprising: 

an information recording substrate hav- 40 
ing a thin thickness, the thin thickness of the in- 
formation recording substrate being thinner than 
that of a compact disk; 

a plurality of f irst recording pits placed at 
a first region of the information recording sub- 45 
strata for recording pieces of recording informa- 
tion at a high recording density, the first record- 
ing pits being formed at narrow intervals; and 

a plurality of second recording pits placed 
at a second region of the information recording so 
substrate for recording pieces of distinguishing 
information at a low recording density, the distin- 
guishing information informing that the record- 
ing information are recorded on the information 
recording substrate having the thin thickness, 55 
the recording density of the recording informa- 
tion being higher than that of the distinguishing 
information, each of the second recording pits 



being larger than that of a recording pit in the 
compact disk, and a converging spot of a beam 
of reproducing light, which is converged to focus 
on an ordinary recording pit formed on a sub- 
strate having an ordinary thickness of the com- 
pact disk, being formed in one of the second re- 
cording pits to read the distinguishing informa- 
tion. 

An optical disk according to claim 81 in which the 
thin thickness of the information recording sub- 
strate ranges from 0.4mm to 0.8mm. 

An optical disk apparatus for recording or repro- 
ducing pieces of recording information on or 
from an optical disk in which the recording infor- 
mation are recorded or reproduced at a high den- 
sity on or from a first substrate having a first 
thickness and a piece of distinguishing informa- 
tion informing that the recording information are 
recorded or reproduced on or from the first sub- 
strate having the first thickness is recorded at an 
ordinary density on a second substrate having a 
second thickness larger than the first thickness, 
comprising: 

rotating means for rotating the optical 
disk at a regular speed; 

a light source for radiating a beam of inci- 
dent light; 

hologram means for transmitting a part of 
the incident light radiated from the light source 
without any diffraction on an outgoing path to 
form a beam of transmitted light and diffracting 
a remaining part of the incident light radiated 
from the light source on the outgoing path to 
form a beam of diffracted light, the hologram 
means functioning as a lens for the diffracted 
light to diverge the diffracted light from the ho- 
logram means; 

lens means for converging the transmit- 
ted light formed in the hologram means on the 
first substrate of the optical disk rotated by the 
rotating means to record or reproduce a piece of 
recording information on or from the optical disk 
and converging the diffracted light formed in the 
hologram means on the second substrate of the 
optical disk rotated by the rotating means to re- 
produce the distinguishing information from the 
optical disk, the transmitted light being reflected 
by the first substrate of the optical disk and 
again passing through the lens means and the 
hologram means on an incoming path, and the 
diffracted light being reflected by the second 
substrate of the optical disk and again passing 
through the lens means and the hologram means 
on the incoming path; 

wavefront changing means for changing a 
wavefront of the transmitted light passing 
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through the lens means and the hologram means 
on the incoming path to form one or more beams 
of recording information light and changing a wa- 
vef ront of the diffracted light passing through the 
lens means and the hologram means on the in- 
coming path to form one or more beams of dis- 
tinguishing information light; 

detecting means for detecting intensities 
of the recording information light formed by the 
wavef ront changing means to generate a record- 
ing information signal according to the intensi- 
ties of the recording information light and detect- 
ing intensities of the distinguishing information 
light formed by the wavef ront changing means to 
generate a distinguishing information signal ac- 
cording to the intensities of the distinguishing in- 
formation light, the distinguishing information 
signal expressing the distinguishing information 
recorded on the second substrate of the optical 
dish, and the recording information signal ex- 
pressing the recording information recorded on 
the first substrate of the optical disk; and 

moving means for moving an optical head 
apparatus comprising the light source, the holo- 
gram means, the lens means and the detecting 
means to converge the diffracted light formed in 
the hologram means on the second substrate of 
the optical disk and moving the optica) head ap- 
paratus, in which the diffracted light formed in 
the hologram means is converged on the second 
substrate of the optical disk, to converge the 
transmitted light formed in the hologram means 
on the f irst substrate of the optical disk in cases 
where the distinguishing information is detected 
in the detecting means. 

84. An optical disk apparatus according to claim 83 
in which 

a grating pattern is drawn in the hologram 
means in a concentric circle shape, 

the grating pattern of the hologram 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions. 

a height H of relief in the grating pattern 
is set to: 

H < X7(n(X) - 1). 
where a symbol X denotes a wavelength of the 
incident light and a symbol n(X) denotes a refrac- 
tive index of the hologram means made of a 
glass material for the incident light having the 
wavelength X. and 

a difference in phase modulation degree 
between the incident light passing through the 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram means to 



a value lower than 1 00 %. 

85. An optical disk apparatus according to claim 83 
in which 

5 the detecting means comprises a pair of 

focus error detectors for detecting intensities of 
two beams of first recording information light se- 
lected among the recording information light to 
generate the recording information signal and a 
10 f irst focus error signal and detecting intensities 

of two beams of first distinguishing information 
light selected among the distinguishing informa- 
tion light to generate the distinguishing informa- 
tion signal and a second focus error signal, and 
15 four tracking error detectors for detecting inten- 

sities of four beams of second record ing informa- 
tion light selected among the recording informa- 
tion light to generate a first tracking error signal 
and detecting intensities of four beams of sec- 
20 ond distinguishing information light selected 

among the distinguishing information light to 
generate a second tracking error signal, a posi- 
tion of the lens means being adjusted according 
to the first focus error signal and the first track- 
25 ing error signal to focus the transmitted light on 

the first substrate of the optical disk, and a pos- 
ition of the lens means being adjusted according 
to the second focus error signal and the second 
tracking error signal to focus the diffracted light 
30 on the second substrate of the optical disk. 

86. An optical disk apparatus according to claim 83 
in which 

the wavef ront changing means is an as- 
35 tigmatic aberration generating unit for generat- 

ing an astigmatic aberration in the recording in- 
formation light and the distinguishing informa- 
tion light, and 

the detecting means comprises a quad- 
40 rant photo-detector having four detecting sec- 

tions for detecting an intensity of the recording 
information light having the astigmatic aberra- 
tion to generate the recording information signal 
and first servo signals such as a first focus error 
45 signal and a first tracking error signal and de- 

tecting an intensity of the distinguishing informa- 
tion light having the astigmatic aberration to 
generate the distinguishing information signal 
and second servo signals such as a second fo- 
50 ous error signal and a second tracking error sig- 

nal, a posit ion of the lens means being adjusted 
according to the first servo signals to focus the 
transmitted light on the first substrate of the opt- 
ical disk, and a position of the lens means being 
65 adjusted according to the second servo signals 

to focus the diffracted light on the second sub- 
strate of the optical disk. 
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87. An optical disk apparatus for recording or repro- 
ducing pieces of recording information on or 
from an optical disk in which the recording infor- 
mation are recorded or reproduced at a high den- 
sity on or from a first substrate having a thin 5 
thickness thinner than that of a compact disk and 
a piece of distinguishing information informing 
that the recording information are recorded or re- 
produced on or from the first substrate having 
the thin thickness is recorded at a low density on 10 
a second substrate having the thin thickness, 
comprising: 

rotating means for rotating the optical 
disk at a regular speed; 

a light source for rad iating a beam of inci- 1 s 
dent light; 

hologram means for transmitting a part of 
the incident light radiated from the light source 
without any diffraction on an outgoing path to 
form a beam of transmitted light and diffracting 20 
a remaining part of the incident light radiated 
from the light source on the outgoing path to 
form a beam of diffracted light, the hologram 
means functioning as a lens for the diffracted 
light to diverge the diffracted light from the ho- 25 
logram means; 

lens means for converging in focus the 
transmitted light formed in the hologram means 
on the first substrate of the optical disk rotated 
by the rotating means to record or reproduce a 30 
piece of recording information on or from the 
optical disk and converging in defocus the dif- 
fracted light formed in the hologram means on 
the second substrate of the optical disk rotated 
by the rotating means to reproduce the distin- 35 
guishing information from the optical disk, the 
transmitted light being reflected by the first sub- 
strate of the optical disk and again passing 
through the lens means and the hologram means 
on an incoming path, and the diffracted light be- 40 
ing reflected by the second substrate of the opt- 
ical disk and again passing through the lens 
means and the hologram means on the incoming 
path; 

wavef ront changing means for changing a 45 
wavefront of the transmitted light passing 
through the lens means and the hologram means 
on the incoming path to form one or more beams 
of recording information light and changing a wa- 
vefront of the diffracted light passing through the so 
lens means and the hologram means on the in- 
coming path to form one or more beams of dis- 
tinguishing information light 

detecting means for detecting intensities 
of the recording information light formed by the 55 
wavefront changing means to generate a record- 
ing information signal according to the intensi- 
ties of the recording information light and detect- 
ed 



ing intensities of the distinguishing information 
light formed by the wavefront changing means to 
generate a distinguishing information signal ac- 
cording to the intensities of the distinguishing i 
nformation light, the distinguishing information 
signal expressing the distinguishing information 
recorded on the second substrate of the optical 
disk, and the recording Information signal ex- 
pressing the recording information recorded on 
the first substrate of the optical disk; and 

moving means for moving an optical head 
apparatus comprising the light source, the holo- 
gram means, the lens means and the detecting 
means, to converge the diffracted light formed in 
the hologram means in defocus on the second 
substrate of the optical disk and moving the opt- 
ical disk, in which the diffracted light formed in 
the hologram means is converged on the second 
substrate of the optical disk in defocus, to con- 
verge the transmitted light formed in the holo- 
gram means on the first substrate of the optical 
disk in focus in cases where an intensity of the 
distinguishing information signal generated in 
the detecting means is larger than a threshold 
value. 

88. An optical disk apparatus according to claim 87 
in which 

a grating pattern is drawn in the hologram 
means in a concentric circle shape, 

the grating pattern of the hologram 
means is formed in relief to concentrically form 
alternating rows of bottom portions and top por- 
tions, 

a height H of relief in the grating pattern 
is set to: 

H<X/(n(X)-1), 
where a symbol X denotes a wavelength of the 
incident light and a symbol n(X) denotes a refrac- 
tive index of the hologram means made of a 
glass material for the incident light having the 
wavelength X, and 

a difference in phase modulation degree 
between the incident light passing through the 
bottom portions of the grating pattern and the in- 
cident light passing through the top portions of 
the grating pattern is lower than 2n radians to set 
a diffraction efficiency of the hologram means to 
a value lower than 100 %. 

8S. An optical disk apparatus according to claim 87 
in which 

the detecting means comprises a pair of 
focus error detectors for detecting intensities of 
two beams of first recording information light se- 
lected among the recording information light to 
generate the recording information signal and a 
first focus error signal and detecting intensities 
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of two beams of first distinguishing information 
light selected among the distinguishing informa- 
tion light to generate the distinguishing informa- 
tion signal and a second focus error signal, and 
four tracking error detectors for detecting inten- 5 
sitiesof four beams of second recording informa- 
tion light selected among the recording informa- 
tion light to generate a first tracking error signal 
and detecting intensities of four beams of sec- 
ond distinguishing information light selected 10 
among the distinguishing information light to 
generate a second tracking error signal, a posi- 
tion of the lens means being adjusted according 
to the first focus error signal and the first track- 
ing error signal to focus the transmitted tight on 15 
the first substrate of the optical disk, and a pos- 
ition of the lens means being adjusted according 
to the second focus error signal and the second 
tracking error signal to focus the diffracted light 
on the second substrate of the optical disk. 20 

90. An optical disk apparatus according to claim 87 
in which 

the wavef ront changing means is an as- 
tigmatic aberration generating unit for generat- 25 
ing an astigmatic aberration in the recording in- 
formation light and the distinguishing Informa- 
tion light, and 

the detecting means comprises a quad- 
rant photo-detector having four detecting sec- 30 
tions for detecting an Intensity of the recording 
information light having the astigmatic aberra- 
tion to generate the recording information signal 
and first servo signals such as a first focus error 
signal and a first tracking error signal and de- 35 
tecting an intensity of the distinguishing informa- 
tion light having the astigmatic aberration to 
generate the distinguishing information signal 
and second servo signals such as a second fo- 
cus error signal and a second tracking error sig- 40 
nal, a position of the lens means being adjusted 
according to the first servo signals to focus the 
transmitted light on the first substrate of the opt- 
ical disk, and a position of the lens means being 
adjusted according to the second servo signals 45 
to focus the diffracted light on the second sub- 
strate of the optical disk. 

91. A binary focus microscope for simultaneously 

observing a first image put on a first image so 
plane and a second image put on a second im- 
age plane, comprising: 

an objective lens for refracting a beam of 
first light diverging from the first image and a 
beam of second light diverging from the second 55 
image, a first distance between the objective 
lens and the f trst image of the first image plane 
differing from a second distance between the 



objective lens and the second image of the sec- 
ond image plane; 

a hologram lens for transmitting the first 
light refracted by the objective lens without any 
diffraction to form a beam of transmitted light 
and diffracting the second light refracted by the 
objective lens to form a beam of diffracted light, 
the hologram lens functioning as a lens for the 
second light to pass the diffracted light through 
the same optical path as the transmitted light 
passes through, and a beam of superposed light 
being formed of the transmitted light and the dif- 
fracted light; 

an inner lens for converging the super- 
posed light formed by the hologram lens at an 
image point of a third image plane to simultane- 
ously form the f irst image and the second image 
enlarged on the third image plane; and 

an ocular lens for converging the super- 
posed light which is converged by the inner lens 
and diverges from the image point to simultane- 
ously form the first image and the second image 
moreover enlarged. 

92. A binary focus microscope according to claim 91 
in which 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape, 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions, 

a height H of relief in the grating pattern 
is set to: 

H<X/(n(X)-1), 
where a symbol X denotes a wavelength of the 
first and second light and a symbol n(X) denotes 
a refractive index of the hologram lens made of 
a glass material for the first and second light hav- 
ing the wavelength X, and 

a difference in phase modulation degree 
between the first or second light passing through 
the bottom portions of the grating pattern and 
the first or second light passing through the top 
portions of the grating pattern is lower than 2n 
radians to set a diffraction efficiency of the ho- 
logram lens to a value lower than 100 %. 

93. A binary focus microscope according to claim 92 
in which the grating pattern of the hologram lens 
is partitioned into a plurality of pattern blocks 
which each are composed of one of the bottom 
portions and one of the top portions, and 

each block of the grating pattern is 
formed In a step-wise shape to blaze the grating 
pattern. 

94. A binary focus microscope according to claim 91 
in which 



137 



EP 0 610 055 A2 



138 



10 



the hologram lens is partitioned into a 
pattern region and a no-pattern region sur- 
rounding the pattern region. 

a grating pattern is drawn in the pattern 
region of the hologram lens in a concentric circle 

shape, and 

a diameter of the grating pattern is small- 
er than an aperture of the objective lens to trans- 
mit the first light through the no-pattern region of 
the hologram lens without any diffraction. 

95. A binary focus microscope according to claim 94 
in which 

the grating pattern of the hologram lens is 
formed In relief to concentrically form alternating 
rows of bottom portions and top portions in the 
pattern region, 

a thickness of the no-pattern region in the 
hologram lens is set to an average value of those 
of the pattern region, and 

a phase of the f irst light passing through 
the no-pattern region of the hologram lens 
agrees with an average value of those of the f irst 
light passing through the pattern region of the 
hologram lens. 

96. A binary focus microscope according to claim 92 
in which 

the height H of the relief in the grating pat- 
tern is gradually lowered toward an outer direc- 
tion of a pattern region In which the grating pat- 
tern is drawn, and 

a diffraction efficiency of the hologram 
lens for the second light is gradually lowered to- 
ward the outer direction of the pattern region. 

97 A binary focus microscope according to claim 92 
in which the grating pattern of the hologram lens 
is partitioned into a plurality of pattern blocks 
which each are composed of one of the bottom 
portions and one of the top portions, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an outer direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the outer direction of the 
pattern region, and 

a diffraction efficiency of the hologram 
lens for the second light is gradually lowered to- 
ward the outer direction of the pattern region. 



98. A binary focus microscope according to claim 92 
in which 

the height H of the relief in the grating pat- 
tern is gradually lowered toward an inner direc- 



tion of a pattern region in which the grating pat- 
tern is drawn, and 

a diffraction efficiency of the hologram 
means for the second light is gradually lowered 
toward the inner direction of the pattern region. 

99. A binary focus microscope according to claim 92 
in which 

the grating pattern of the hologram lens is 
partitioned into a plurality of pattern blocks 
which each are composed of a bottom portion 
and a top portion, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
15 a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an inner direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
20 grating pattern toward the inner direction of the 

pattern region, and 

a diffraction efficiency of the hologram 
lens for the second light Is gradually lowered to- 
ward the inner direction of the pattern region. 

25 100. A binary focus microscope for simultaneously 
observing a first image put on a first image 
plane and a second image put on a second im- 
age plane, comprising: 
30 an objective lens for refracting a beam of 

first light diverging from the first image and a 
beam of second light diverging from the second 
image, a first distance between the objective 
lens and the first image of the first image plane 
35 differing from a second distance between the 

objective lens and the second image of the sec- 
ond image plane; 

a hologram lens for transmitting the first 
light refracted by the objective lens without any 
40 diffraction to form a beam of transmitted light 

and diffracting the second light refracted by the 
objective lens to form a beam of diffracted light, 
the hologram lens functioning as a lens for the 
second light to pass the diffracted light through 
45 the same optical path as the transmitted light 

passes through, and a beam of superposed light 
being formed of the transmitted light and the dif- 
fracted light; 

an inner lens for converging the super- 
50 posed light formed by the hologram lens at an 

image point of a third image plane to simultane- 
ously form the first image and the second image 
enlarged on the third image plane; and 

photographing means for photographing 
55 a superposed image formed of the first and sec- 

ond images enlarged on the third image plane by 
converging the superposed light in the inner 
lens. 
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101. A binary focus microscope according to daim 
100 in which 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape, 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions, 

a height H of relief in the grating pattern 
is set to: 

H < xy(n(X) - 1), 
where a symbol X denotes a wavelength of the 
first and second light and a symbol n(X) denotes 
a refractive index of the hologram lens made of 
a glass material for the first and second light hav- 
ing the wavelength X, and 

a difference in phase modulation degree 
between the first or second light passing through 
the bottom portions of the grating pattern and 
the first or second light passing through the top 
portions of the grating pattern is lower than 2n 
radians to set a diffraction efficiency of the ho- 
logram lens to a value lower than 100 %. 

102. A binary focus microscope according to claim 
101 in which 

the grating pattern of the hologram lens is 
partitioned into a plurality of pattern blocks 
which each are composed of one of the bottom 
portions and one of the top portions, and 

each block of the grating pattern is 
formed in a step-wise shape to blaze the grating 
pattern. 

103. A binary focus microscope according to claim 
100 in which 

the hologram lens is partitioned into a 
pattern region and a no-pattern region sur- 
rounding the pattern region, 

a grating pattern is drawn in the pattern 
region of the hologram lens in a concentric circle 
shape, and 

a diameter of the grating pattern is small- 
er than an aperture of the objective lens to trans- 
mit the first light through the no-pattern region of 
the hologram tens without any diffraction. 

104, A binary focus microscope according to claim 
103 in which 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions in the 
pattern region, 

a thickness of the no-pattern region in the 
hologram lens is set to an average value of those 
of the pattern region, and 

a phase of the first light passing through 
the no-pattern region of the hologram lens 
agrees with an average value of those of the first 



light passing through the pattern region of the 
hologram lens. 

105. A binary focus microscope according to claim 
5 101 in which 

the height H of the relief in the grating pat- 
tern is gradually lowered toward an outer direc- 
tion of a pattern region in which the grating pat- 
tern is drawn, and 
10 a diffraction efficiency of the hologram 

lens for the second light is gradually lowered to- 
ward the outer direction of the pattern region. 

106. A binary focus microscope according to claim 
15 101 in which the grating pattern of the hologram 

lens is partitioned into a plurality of pattern 
blocks which each are composed of one of the 
bottom portions and one of the top portions, 

each block of the grating pattern is 
20 formed in a step-wise shape and is composed of 

a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an outer direction of a pattern re- 
gion in which the grating pattern is drawn to 
25 gradually lower the height H of the relief in the 

grating pattern toward the outer direction of the 
pattern region, and 

a diffraction efficiency of the hologram 
lens for the second light Is gradually lowered to- 
30 ward the outer direction of the pattern region. 

107. A binary focus microscope according to claim 
101 in which 

the height H of the relief in the grating pat- 
35 tern is gradually lowered toward an inner direc- 

tion of a pattern region in which the grating pat- 
tern is drawn, and 

a diffraction efficiency of the hologram 
means for the second light is gradually lowered 
40 toward the inner direction of the pattern region. 

108. A binary focus microscope according to claim 
101 in which 

the grating pattern of the hologram lens is 
45 partitioned into a plurality of pattern blocks 

which each are composed of a bottom portion 
and a top portion, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
so a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an inner direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
55 grating pattern toward the inner direction of the 

pattern region, and 

a diffraction efficiency of the hologram 
lens for the second light Is gradually lowered to- 
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ward the inner direction of the pattern region. 

109. An alignment apparatus for aligning a first refer- 
ence image drawn on a photomask with a sec- 
ond reference image drawn on a sample, com- 5 
prising: 

a light source for radiating beams of align- 
ment light to illuminate the f irst and second ref- 
erence images; 

an objective lens for refracting both a 10 
beam of first alignment light diverging from the 
first reference image and a beam of second 
alignment light diverging from the second refer- 
ence image which are illuminated with the align- 
ment light radiated from the light source, a first 1 5 
distance between the objective lens and the first 
reference image of the photomask differing from 
a second distance between the objective lens 
and the second reference image of the sample; 

a hologram lens for transmitting the first 20 
alignment light refracted by the objective lens 
without any diffraction to form a beam of trans- 
mitted light and diffracting the second alignment 
light refracted by the objective lens to form a 
beam of diffracted light, the hologram lens tunc- 25 
tioning as a lens for the second alignment light 
to pass the diffracted light through the same opt- 
ical path as the transmitted light passes through, 
and a beam of superposed light being formed of 
the transmitted light and the diffracted light; 

an Inner lens for converging the super- 
posed light formed by the hologram lens at an 
image point of an image plane to simultaneously 
form the first and second reference images en- 
larged on the image plane, an optical axis pass- 
ing through centers of the objective lens, the ho- 
logram lens and the inner lens; 

photographing means for photographing 
a superposed image formed of the first and sec- 
ond images enlarged on the image plane by con- 
verging the superposed light in the inner lens, 
and 

moving means for moving the photomask 
or the sample according to the superposed im- 
age photographed by the photographing means 
to align the first reference image with the second 
reference image along the optical axis. 

110. An alignment apparatus according to claim 109 
in which 

a grating pattern is drawn in the hologram 
lens in a concentric circle shape. 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions, 

a height H of relief in the grating pattern 
is set to: 

H < U{n(X) - 1), 



where a symbol X denotes a wavelength of the 
first and second reference light and a symbol 
n(X) denotes a refractive index of the hologram 
lens made of a glass material for the first and 
second reference light having the wavelength X, 
and 

a difference in phase modulation degree 
between the first or second reference light pass- 
ing through the bottom portions of the grating 
pattern and the first or second reference light 
passing through the top portions of the grating 
pattern is lower than 2n radians to set a diffrac- 
tion efficiency of the hologram lens to a value 
lower than 100%. 

111. An alignment apparatus according to claim 110 
in which 

the grating pattern of the hologram lens is 
partitioned into a plurality of pattern blocks 
which each are composed of one of the bottom 
portions and one of the top portions, and 

each block of the grating pattern is 
formed in a step-wise shape to blaze the grating 
pattern. 

112. An alignment apparatus according to claim 109 
in which 

the hologram lens is partitioned into a 
pattern region and a no-pattern region sur- 
rounding the pattern region, 

a grating pattern is drawn In the pattern 
region of the hologram lens in a concentric circle 
shape, and 

a diameter of the grating pattern is small- 
er than an aperture of the objective lens to trans- 
mit the f irst reference light through the no-pat- 
tern region of the hologram lens without any dif- 
fraction. 

113. An alignment apparatus according to claim 112 
in which 

the grating pattern of the hologram lens is 
formed in relief to concentrically form alternating 
rows of bottom portions and top portions in the 
pattern region, 

a thickness of the no-pattern region in the 
hologram lens is set to an average value of those 
of the pattern region, and 

a phase of the first reference light passing 
through the no-pattern region of the hologram 
I ens agrees with an average value of those of the 
first reference light passing through the pattern 
region of the hologram lens. 

55 114. An alignment apparatus according to claim 11 0 
in which 

the height H of the relief in the grating pat- 
tern is gradually lowered toward an outer direc- 
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tion of a pattern region in which the grating pat- 
tern is drawn, and 

a diffraction efficiency of the hologram 
lens for the second reference light is gradually 
lowered toward the outer direction of the pattern 
region. 

115. An alignment apparatus according to claim 110 
in which 

the grating pattern of the hologram lens is 
partitioned into a plurality of pattern blocks 
which each are composed of one of the bottom 
portions and one of the top portions, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an outer direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the outer direction of the 
pattern region, and 

a diffraction efficiency of the hologram 
lens for the second reference light Is gradually 
lowered toward the outer direction of the pattern 
region. 

116. An alignment apparatus according to claim 110 
in which 

the height H of the relief in the grating pat- 
tern Is gradually lowered toward an inner direc- 
tion of a pattern region in which the grating pat- 
tern is drawn, and 

a diffraction efficiency of the hologram 
means for the second reference light is gradually 
lowered toward the inner direction of the pattern 
region. 

117. An alignment apparatus according to claim 110 
in which 

the grating pattern of the hologram lens is 
partitioned into a plurality of pattern blocks 
which each are composed of a bottom portion 
and a top portion, 

each block of the grating pattern is 
formed in a step-wise shape and is composed of 
a flight of stairs, 

an inclined angle of the stairs is gradually 
lowered toward an inner direction of a pattern re- 
gion in which the grating pattern is drawn to 
gradually lower the height H of the relief in the 
grating pattern toward the inner direction of the 
pattern region, and 

a diffraction efficiency of the hotogram 
lens for the second reference light is gradually 
lowered toward the inner direction of the pattern 
region. 



118. Afocusing method for focusing light on a first in- 
formation medium having a f irst thickness or a 
second information medium having a second 
thickness to record or reproduce a piece of infbr- 
5 mation on or from the first information medium 

or the second information medium, comprising 
the steps of. 

moving an optical head apparatus in a di- 
rection to decrease or increase the distance be- 
to tween the optical head apparatus and the first or 
second information medium, the optical head 
apparatus comprising 

a light source for radiating a beam of inci- 
dent light, 

15 hologram means for transmitting a part of 

the incident light radiated from the light source 
without any diffraction on an outgoing path to 
form a beam of transmitted light and diffracting 
a remaining part of the incident light radiated 
20 from the light source on the outgoing path to 

form a beam of diffracted light, the hologram 
means functioning as a lens for the diffracted 
light to diverge the diffracted light from the ho- 
logram means or converge the diffracted light, 
2 5 tens means for converging the transmit- 

ted light formed in the hologram means at a first 
focal length on the outgoing path to form a f irst 
converging spot at a front surface of the first in- 
formation medium or converging the diffracted 
30 light formed in the hologram means at a second 

focal length on the outgoing path to form a sec- 
ond converging spot at a front surface of the sec- 
ond information medium, the transmitted light 
being incident on a rear surface of the f irst infor- 
35 mation medium and being converged at the front 

surface of the first information medium, the 
transmitted light being reflected at the rear sur- 
face of the first information medium and again 
passing through the lens means and the hdo- 
40 gram means on an incoming path, the diffracted 

light being incident on a rear surface of the sec- 
ond information medium and being converged at 
the front surface of the second information me- 
dium, and the diffracted light being reflected at 
45 the rear surface of the first information medium 

and again passing through the lens means and 
the hologram means on the incoming path, 

wavef ront changing means for changing a 
wavefront of the transmitted light or the diffract- 
50 ed light passing through the lens means and the 

hologram means on the incoming path to form 
one or more beams of information light, and 

detecting means for detecting intensities 
of the information light formed by the wavefront 
55 changing means and generating an information 

signal and a focus error signal according to the 
intensities of the information light, the informa- 
tion signal expressing a piece of information re- 
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corded on the first information medium or the 
second information medium; 

judging whether or not an intensity of the 
focus error signal generated in the detecting 
means is larger than a threshold value; and 

adjusting the position of the optical head 
apparatus to decrease the intensity of the focus 
error signaltozerowhentheinter»fty of thefocus 

error signal becomes larger than the threshold 

value. 

119. An information reproducing method for repro- 
ducing a piece of recording information from an 
optical disk in which the recording information 
are recorded at a high density on a first sub- 
strate having a first thickness and a piece of dis- 
tinguishing information informing that the ^re- 
cording information are recorded on the first 
substrate is recorded at an ordinary density on 
a second substrate having a second thickness 
larger than the first thickness, comprising the 

step of: . 

moving an optical disk apparatus under 
the second substrate of the optical disk, the opt- 
ical disk comprising 

rotating means for rotating the optical 
disk at a regular speed, 

a light source for radiating a beam of inci- 
dent "9^ ogfam for t ransm itting a part of 
the incident light radiated from the light source 
without any diffraction on an outgoing path to 
form a beam of transmitted light and diffracting 
a remaining part of the incident light radiated 
from the light source on the outgoing path to 
form a beam of diffracted light, the hotogram 
means functioning as a lens for the diffracted 
light to diverge the diffracted light from the ho- 
logram means, 

lens means for converging the transmit- 
ted light formed in the hologram means on the 
first substrate of the optical disk rotated by the 
rotating means to record or reproduce a piece of 
recording information on or from the optical disk 
and converging the diffracted light formed in he 
hologram means on the second substrate of the 
optical disk rotated by the rotating means to re- 
produce the distinguishing Information from the 
optical disk, the transmitted light being reflected 
by the first substrate of the optical disk and 
again passing through the lens means and he 
hologram means on an incoming oath, and the 
diffracted light being reflected by the second 
substrate of the optical disk and again passing 
through the lens means and the hologram means 
on the incoming path, 

wavef rent changing means for changing a 
wavefront of the transmitted light passing 
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through the lens means and the hologram means 
on the incoming path to form one or more beams 
of recording information light and changing a wa- 
vef ront of the diffracted light passing through the 
lens means and the hologram means on the in- 
coming path to form one or more beams of dis- 
tinguishing information light, and 

detecting means for detecting intensities 
of the recording information light formed by the 
wavefront changing means to generate a record- 
ing information signal according to the ^intonst- 
ties of the recording information light and detect- 
ing intensities of the distinguishing information 
light formed by the wavefront changing means to 
generate a distinguishing information signal ac- 
cording to the intensities of the distinguishing in- 
formation light, the distinguishing |nh™atton 
signal expressing the distinguishing mformatwn 
recorded on the second substrate of the optical 
disk, and the recording information signal ex- 
pressing the recording information recorded on 
the first substrate of the optical disk; and 

converging the diffracted light on the sec- 
ond substrate of the optical disk to reproduce the 
distinguishing information; 

moving the optical disk apparatus to a 
position under the f irst substrate of the optica 
dtek to converge the transmitted light on the first 
substrateoftheoptlcaldlskwhenthedlstlnguteh- 

Ing information is detected In the detecting 

"^^reproducing the recording information by 
generating the recording information signal in the 
detecting means. 
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I A compound objective lens is composed of a 
hologram lens for transmitting a part of incident 
light without any diffraction to form a beam of 
transmitted light and diffracting a remaining 
part of the incident light to form a beam of 
first-order diffracted light, and an objective lens 
for converging the transmitted light to form a 
first converging spot on a front surface of a thin 
type of first information medium and converg- 
ing the diffracted light to form a second con- 
verging spot on a front surface of a thick type of 
second information medium. Because the 
hologram lens selectively functions as a con- 
cave lens for the diffracted light, a curvature of 
the transmitted light differs from that of the 
diffracted light Therefore, even though the first 
and second information mediums have different 
thicknesses, the transmitted light incident on a 
rear surface of the first information medium is 
converged on the its front surface, and the 
diffracted light incident on a rear surface of the 
second information medium is converged on 
the its front surface. That is, the compound 
objective lens has two focal points. 
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element having two focal points, and 
applications 
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